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In this thesis, the synthesis and luminescent properties of copper(I) and mercuty(II) 
complexes of 8-(diphenylphosphino)quinoline were studied. 
The copper complexes with similar structures forming by two 
8-(diphenylphosphino)quinoline and two halide ions (I or Br) are gained. The distance Cu-Cu 
is tuned by the identity of the halide ligand, following the trend Cu(μ-I)Cu < Cu(μ-Br)Cu. The 
emission band of the copper(I) complexes is mainly assigned to MLCT and LLCT transitions 
in solid state, while no emission is observed in solution at room-temperature. 
Meanwhile, the mercury complexes formed by two 8-(diphenylphosphino)quinoline and 
four iodide ions are also prepared. The complex is very stable in solid state and solution. There 
are two molecules in which the coordination environment around the ligand for the mercury 
ions in one unit cell if using CH2Cl2 to grow crystal. However, the structure of the mercury 
complex is different when the solvent to grow crystal is CHCl3. The variable temperature 
structures of the mercury complexes are investigated. The emission of mercury(II) complexes 
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Chapter 1 Introduction 
1.1 Quinoline-based ligands and the metal complexes 
The design and synthesis of multinuclear discrete coordination architectures 1-3  and 
polymeric coordination networks 4, 5 is a rapidly developing field in current coordination and 
supramolecular chemistry. 6-10 In recent years, much attention has been focused on the 
synthetic approach and the structural control of coordination architectures, and great progress 
has been achieved, especially for those with multidimensional structures. Especially, the design 
of suitable organic ligands favoring structure is crucial for the construction of discrete 
coordination architectures. 
Over the past two decades, functionalized quinoline-based compounds have attracted a lot 
of attention due to their considerable biological and pharmacological activities. In addition, 
quinoline-based compounds provided valuable synthons for the preparation of nano- and 
meso- structures with enhanced electronic and photonic properties, thanks to their superior 
physical properties such as high electron mobility, photoluminescent efficiency, and stability. 
11-13 
Ward et al. synthesized discrete coordination architectures, and designed a series of 
asymmetric monothioether ligands containing the large quinoline ring. They reported herein 
the design of four new quinoline-based monothioether ligands, 
8-(2-pyridylsulfanyl-methyl)quinoline (L1), 8-(4-pyridylsulfanylmethyl)quinoline (L2), 
8-(2-pyrimidylsulfanylmethyl)quinoline (L3), 






















Based on the copper(I) halide and the nature of the organic ligands, different CuX 
substructures such as dimer, tetramer, and single, double, or helical chains have been reported. 
15-19 The new univalent metal coordination architectures, copper(I) complexes with 
heterocyclic flexible thioether ligands listed above, are reported, 20 and some multi-nuclear and 
polymeric copper(I) complexes with these ligands have been obtained. In the reported 
complexes, the coordination modes of chelating coordination mode to form six-membered 
coordination ring with quinoline N donors. The geometrical effects may play a more important 
role than electric effects in controlling the formation of such complexes. The structural 
differences of these complexes may be attributed to the differences of the configurations and 
coordination properties of the terminal groups in the ligands. 14 
Kaplunov et al. 14 also described the synthesis and properties of a class of 
electroluminescent metal complexes based on the quinoline ligands containing the 
sulfanylamino group in position 8 such as L5, L6 (Chart 2). In the sulfanylaminoquinoline 
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derivatives, the hydrogen atom attached to the nitrogen atom is comparable in acidity to the 
corresponding hydrogen atom of the phenolic hydroxyl. This makes it possible to synthesize 
stable metal complexes with zinc ion. 













L5 and I: R = CH3
L6 and II: R = 3, 5-difluorophenyl (DFP)
Chart 2
L5, L6 I, II
 
 
Owing to good luminescence properties, complexes I and II can be used as emitting 
materials in electroluminescence devices. As compared to traditionally used 
8-hydroxyquinoline derivatives, 21-23 they have advantages: bulky substituents at the nitrogen 
atom can prevent the fast crystallization of the metal complexes during the operation of a 
device and also can shield the approach of a water molecule to the nitrogen–metal bond, thus 
impeding the hydrolysis of the metal complex. All these factors retard degradation and hence 
prolong the lifetime of the electroluminescence devices. 21, 22 
8-Substituted quinoline compounds are useful molecular frameworks for studying the 
interaction of various metals with organic functional groups. 24 8-quinolylphosphine 
derivatives, which have both imine and phosphine moieties, can act as bidentate ligands. 
Structural studies of several transition metal complexes with 8-(diphenylphosphino)quinoline 
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Photochemical and photophysical properties of several mixed-ligand ruthenium(II) 
polypyridine complexes with 8-quinolylphosphines have been investigated. 28, 29 Copper(I) 
complexes containing this type of ligands can also behave as emitters. As a similar system, 
dinuclear copper(I) complexes bridged by 2-(diphenylphosphino)Pyridine (PPh2py) ligands 
have been reported. 30 However, the dinuclear complexes do not keep a rigid structure in 
solution due to coordination of donor solvent as well as a PPh2py exchange process. In 
contrast, 8-(diphenylphosphino)quinoline, the quinoline compounds utilized in the research 
work, which can coordinate to metal center in a chelating fashion, appear to provide discrete 
compounds even in solution. 
As the hybrid ligands, phosphorus-nitrogen compounds are π-electron-rich compounds 
with unusual properties. 31 The combination of a soft P-donor site with a hard N-donor site has 
been utilized in applications in catalysis and supramolecular chemistry. This has led to a 
considerable interest in syntheses of quinoline-based ligands 32 and their coordination 
chemistry study with transition metals. 33 The researchers have been interested in the 
preparation and the chemistry of P, N-ligands as they are hemilabile ligands capable of 
exhibiting unusual coordination chemistry toward transition metal. 34 
The hemilabile ligands not only possess a combination of hard and soft donor atoms, but 
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also have different features associated with each donor atom that provides unique reactivity to 
their metal complexes. 35 One important property of these potential ligands is that they can 
stabilize metal ions in a variety of oxidation states and geometries. Moreover, the hard ends 
weakly coordinate to soft metal centers and easily dissociate in solution to afford a vacant site 
whenever demanded. On the other hand, their chelating effect confers stability to the catalyst in 
the absence of substrates. In addition, P, N-ligands can display quite different coordination 
modes compared with P, P and N, N-ligands. 36, 37 The π-acceptor character of the phosphorus 
ligands can stabilize a metal center in a low oxidation state, while the nitrogen σ-donor ability 
makes the metal more susceptible to oxidative addition reactions. Thereby, the attention and 
application focused on quinoline-based ligands that possess the properties as 
phosphorus-nitrogen compounds are still increasing. 38-49 
1.2 Luminescent of binuclear and polynuclear complexes 
Based on highly flexible bonding modes of the ligands and various coordination 
geometries of metal centers, considerable binuclear and polynuclear complexes with very 
different molecular structures have been synthesized and characterized. These organometallic 
complexes exhibit rich and remarkable photophysical and photochemical properties. 50  
The fundamental understanding on the photophysical and photochemical properties of 
these luminescent organometallic complexes would lead to the production of novel 
luminescent materials and represent model systems in the development of light-emitting diodes, 
new materials with non-linear optical properties and liquid crystalline properties. The research 
focuses particular attention on the electronic absorption spectroscopy, photoluminescence 
behavior, excited-state assignments and photochemical properties of these complexes. 51 
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1.2.1 Luminescent binuclear and polynuclear copper complexes 
Owing to wide applications in organic chemistry, 52-54  the chemistry of the 
organo-copper species is of great importance. Monovalent group 11 metal ions are known to 
afford emissive complexes. 55 As reported, there are several excited states such as 
metal-centered transitions, intraligand transitions, and charge-transfer (CT) transitions 
between metal and ligand existing as emissive states, depending on the ligands and steric 
factors. In addition, emissions originating from the metal-metal interactions in multinuclear 
copper(I) halide complexes are particularly noteworthy because of their intense emissions, 56 
tunable emission energies, 57 and dual emission due to juxtaposed excited states. Moreover, 
Copper(I) is a highly versatile metal from coordination standpoint, readily accessing 
coordination numbers two, three, and four. Its coordinative liability allows copper(I) to play a 
significant role in many catalytic and stoichiometric processes, including catalytic 
hydrocarbon functionalization reactions, 55 catalytic oxidation reactions, 56 and biomimetic 
dioxygen activation. 57 
Over the past years, emissive copper(I) complexes containing polypyridine and/or 
phenanthroline ligands as candidates for practical components of chemical sensors, display 
devices and solar-energy conversion schemes follow up closely. 58 In contrast to the hitherto 
reported heavy metal complexes, the copper-based system is promising due to the comparative 
cost advantage. Recently, extensive studies of some mixed-ligand copper(I) complexes 
involving both imines and phosphines have been reported. 59, 60, 61, 62 Furthermore, increasing 
attention has also been paid to luminescent copper(I) complexes based on asymmetric N, 
P-ligands. These complexes display some unexpected properties perhaps due to the 
asymmetric electronic character of their ligands.  
Luminescent heteroleptic copper(I) complexes based on asymmetrical iminephosphine 
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ligands exhibit improved electrochemical and photochemical stability as compared to the 
analogous complexes based on traditional diimine or diphosphine ligands. Photoluminescent 
complexes including bidentate or tridentate aromatic N-heterocyclic ligands and low-valent 
metal ions like Ru(II), Os(II), Ir(III), Re(I) or Cu(I) have been exploited for practical 
applications in solar energy conversion, chemical sensing, biological probing and displays 
due to their possessing an available low-lying MLCT excited state. 63-66 The tendency to 
display weak emission and short-lived excited states has limited their practical applications. 62, 
67, 68 
The replacement of N-coordinating ligands with P-coordinating ligands is often found to 
improve the emission properties of the MLCT complexes because the strong π-acidity group 
of phosphine can enhance the energy level of the excited states and therefore decrease 
non-radiative deactivations. 58, 69, 70 McMillin’s group reported the first example of a highly 
emissive mononuclear copper complex [Cu(dmp)(DPEphos)]+ (dmp = 
2,9-dimethyl-1,10-phenanthroline and DPEphos = bis[2-(diphenylphosphino)phenyl]ether) by 
using mixed ligands. 59, 71 Armaroli et al. have also studied the emissive properties of the mixed 
ligand   [Cu(dimine)(diphosphine)]+ type complexes coordinated by a diimine ligand such as 
dmp and several types of diphosphine ligand. 61, 62, 72-75 Subsequently, a great number of 
similar complexes ([Cu(N, N)(P, P)]+) were prepared and have been used as efficient electro 
phosphorescent materials successfully in multilayer organic light-emitting diodes (OLEDs) 
and simpler light emitting electrochemical cells (LECs). 75-79 Compared to classical [Cu(N, 
N)2]+ or [Cu(P, P)2]+ systems, mixed-ligand systems involving bulky phosphanes exhibit 
improved emission properties, because the bulky and strong π-acidic phosphane ligands will 
sterically inhibit the excited-state distortion as well as enhance the energy level of the excited 
states by stabilizing the copper(I) species. 62 
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More recently, Wang’s group and Tsukuda’s group reported a series of phosphorescent 
homo- and heteroleptic copper(I) complexes with asymmetric N, P ligands of 
8-(diphenyl-phosphanyl)quinoline (DPPQ) and 2-methyl-8-(diphenyl-phosphanyl)quinoline. 
51, 80 The copper(I) complexes based on these iminophosphane ligands exhibit higher 
electrochemical and photochemical stability than those based on traditional diimine or 
diphosphane ligands. 81 
Takagi et al. also reported a pair of distortion isomers of an intrinsic tetrahedral copper(I) 
complexes bearing 8-(diphenyl-phosphanyl)quinoline (DPPQ). 82 The tetrafluoroborate salt of 
bis{8-(diphenylphosphino)quinoline}copper(I), [Cu(Ph2Pqn)2]BF4, aﬀorded orange prismatic 
(2O) (Figure 1.1) or yellow columnar (2Y) (Figure 1.2) crystals, depending on the solvent and 
concentration of the recrystallization solution used. X-ray analysis revealed that crystals of 2O 
and 2Y had the same composition and exhibited diﬀerent crystal P CP-MAS NMR 
spectroscopy indicated that 2O and 2Y could be distinguished.  
 
Figure 1.1 (a) An ORTEP drawing (at the 50% probability level, H atoms omitted) of the 
cationic complex in the orange prismatic crystals (2O) of [Cu(Ph2Pqn)2]BF4. (b and c) 





Figure 1.2 (a) An ORTEP drawing (at the 50% probability level, H atoms omitted) of the 
cationic complex in the orange prismatic crystals (2Y) of [Cu(Ph2Pqn)2]BF4. (b and c) 
Schematic views of the cation in 2Y. 
Both isomers exhibited inequivalent P atoms, but a larger diﬀerence in chemical shift was 
observed in 2Y. TD-DFT calculations reproduced the diﬀerence in spectra between the orange- 
and yellow-colored complexes, originated from metal-to-ligand charge-transfer transitions. It 
was indicated that the crystals of 2O and 2Y are conformational polymorphs of the same 
complex, which is typically based on the packing forms of the constituent molecules or ions, 
where weak intermolecular interactions, such as hydrogen bonds, π-π stacks, and C-H/π 
interactions often play an important role. In typical polymorphs of transition-metal complexes, 
the diﬀerences in color between polymorphs are not commonly observed, because the 
constituent metal complexes have the same geometrical structure. 83 When crystals contain 
diﬀerent types and/or numbers of solvent molecules of crystallization, they are categorized as 
pseudo-polymorphs, and often exhibit diﬀerent colors, as the solvent molecules may have an 
interaction with the metal center or the ligands, inducing a change in the coordination geometry. 
In the case of a compound having the same composition, but with diﬀerent constituent units, 
the crystals of metal complexes often show a distinct change in color. Supramolecular 
isomerism in network solids 84 is also categorized as pseudo-polymorphism. 
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 What’s more, copper(I) halide aggregates constitute a large family of compounds studied 
mainly for their photochemical and photophysical properties 85-91 which are currently at the 
forefront of coordination chemistry and crystal engineering research. 92-96 Coordination 
systems based on copper halides show a remarkable structural diversity, which has been 
recently reviewed. 95 This variability arises from the many possible combinations of 
coordination numbers available for copper(I) and geometries that can be adopted by the halide 
ions from terminal to 2- and up to 8-bridging. 
Recent studies showed that polynuclear copper(I) complexes containing halides and 
phosphine ligands have intriguing structures and rich photo-luminescent properties. 97-99 
Examples of these copper(I) complexes having copper centers arranged in a tetrahedron with 
the tetrahedral faces capped by halides are known. 100 There are examples of polymeric 
copper(I) complexes also having a stairstep configuration. 101 In the case of [(CuI)4(dcpm)2] 
(dcpm = bis(dicyclohexylphosphino)methane), the peripheral dcpm and iodide ligands bridge 
each edge of the Cu4 plane to form a Cu4P4I2 core. 102 In general, polynuclear copper(I) 
complexes with phosphine and halide ligands have multiple emissive excited states, which 
were assigned to the excited state with either MLCT or LMCT, or a mixture of 
halide-to-copper and metal-centered MC charge-transfer parentage. 103 Ford and Vogler had 
reported detailed studies on the photophysical properties of the tetranuclear cubane CuX 
clusters with dpmp (dpmp = 2-(diphenylmethyl)pyridine) and Py (Py = pyridine) ligands. 104 
The relatively higher energy emissions for the complexes Cu4X4L4 at 440–500 nm were 
attributed to halide-to-ligand charge-transfer XLCT excited states, whereas the longer 
wavelength emissions at 570–630 nm were assigned to originate from the excited states with 
mixed XMCT and MC orbital parentages. 105 
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In our study, copper(I) halides were chosen as the inorganic moiety not only because 
copper(I) halogen units usually express various structural configurations, but also because they 
can exhibit interesting luminescent properties. 15, 106-109 The unusual luminescence behavior of 
{(P, N, P)-CuI}2 thus motivated us to study related 8-(diphenylphosphanyl)quinoline copper(I) 
halide systems. 
1.2.2 Luminescent binuclear and polynuclear mercury complexes 
Organo-mercury compounds have possessed a considerable range of applications, e.g. 
herbicides, algicides, antiseptics, bactericides, fungicides, diuretics and pesticides. In addition, 
their ability to accommodate all functional groups and their remarkable chemical and thermal 
stability have made organo-mercury compounds particularly attractive as synthetic 
intermediates. 110-114 
Particularly, methyl- and aryl-mercury(II) complexes are the most deleterious mercury 
contaminant agents that take part in the biogeochemical cycle of mercury. 115-119 Considerable 
efforts have been devoted to the search for rapid and sensitive separation and detection 
methods for these toxic mercury species. 120-123  
With recent reports on the successful development of new derivatization procedures 
which convert Hg(II) and MeHg(II) species into organometallic compounds suitable for 
chromatographic analyses 120-123 and the recent efforts in employing fluorine-based spacers to 
make luminescent bimetallic and organometallic polymeric materials, 124-132  it is an attractive 
goal to synthesize new d10 metal complexes. 
Wai-Yeung Wong et al. reported a series of bis(alkynyl) mercury(II) d10 complexes 
incorporating fluorenyl based linking units and the photophysical behavior of the complexes. 




fluoren-9-one-2,7-diyl, 9-(dicyanomethylene)fluorene-2,7-diyl; R′= Me, Ph) were prepared in 
very good yields. This work has demonstrated the versatility of preparing a new family of 
luminescent binuclear mercury(II) bis(alkynyl) complexes showing adjustable electronic and 
optical properties by insertion of different peripheral substituents on the central fluorene spacer 
units. The results have shown that electronic absorption and emission spectral features of these 
compounds extend over a wide range and can be varied by modifying the 9-substituent of the 
fluorenyl ring system and the metal center as well as their auxiliary ligands.  
Although mercury organometallics have long been used in organic synthesis, 134 studies 
on the species themselves are relatively rare. 135 The reports on mercury(II) systems 136-142 are 
limited to their structures, with only few studies on luminescence behaviour. 143, 144  
In an attempt to study these interesting molecules, the investigations have been extended 
to mercury(II) chalcogenate complexes. Herein is reported the synthesis of a series of 
mercury(II) diimine complexes with bridging chalcogenolate ligands by Vivian’s group. 145 
The tunabilities of the luminescence and electrochemical properties of these complexes 
through variation of the chalcogenolate and diimine ligands have been examined. 
The study of electronic absorption and emission properties show that the low energy 
absorptions are tentatively ascribed to ligand-to-ligand charge transfer LLCT 
[π(ER)→π*(N–N)] transitions and the high energy absorptions are ascribed to intraligand IL 
transitions since similar bands occur for the corresponding “free” ligands. Complexes were 





Figure. 1.3 Normalized emission spectra of mercury(II) complexes in glass state at 77 K: 






Figure. 1.4 Normalized emission spectra of mercury(II) complexes in glass state at 77 K: 
[Hg(μ-SC6H4CH3-p)(bpy)]n[PF6]n (- - -), [Hg(μ-SC6H4CH3-p)(t-Bu2bpy)]n[PF6]n 7(——), and 
[Hg(μ-SC6H4CH3-p)(phen)]n[PF6]n  (– – –). 
However, all the complexes are not emissive in the solid state at 298 K and only weakly 
emissive in degassed acetonitrile solutions. The emission energy was found to change upon 
variation of both the chalcogenolates and the diimine ligands. The emission energy of the 
complexes is in accord with the electron richness of the chalcogenolate ligands in which the 
electron-donating ability is: SeC6H5 > SCr > SC6H4OCH3-p ≈ SC6H4CH3-p > SC6H5 > 
SC6-H4Cl-p (Figure 1.3). 
With the same chalcogenolate ligands the emission energies change with the nature of the 
diimine ligands. For instance, the emission energy in 77 K glass follows the order 
[Hg(μ-SC6H4CH3-p)(t-Bu2bpy)]n[PF6]n > [Hg(μ-SC6H4CH3-p)(bpy)]n[PF6]n > 
[Hg(μ-SC6H4CH3-p)(phen)]n[PF6]n (Figure 1.4), in line with the π-accepting ability of 
t-Bu2bpy < bpy < phen. It is likely that the origin of the emission is derived from triplet states of 
a LLCT origin, probably mixed with some IL character as reflected by the observation of 
vibronic structured diimine emissions in some cases.  
Suk-Yue Poon et al. 146 subsequently reported a novel approach based on conjugation 
interruption, which has been developed and is presented for a series of luminescent and 
thermally stable chalcogen-bridged platinum(II) polyyne polymers 
trans-[{Pt(PBu3)2C≡C-(C6H4)E(C6H4)C≡C}n] (E = O, S, SO, SO2). Particular attention was 
focused on the photophysical properties of these Group 10 polymetallaynes and comparison 
was made to their binuclear model complexes 
trans-[Pt(Ph)-(PEt3)2C≡C(C6H4)E(C6H4)C≡CPt(Ph)(PEt3)2] and their closest Group 11 gold(I) 
and Group 12 mercury(II) neighbors, [MC≡C(C6H4)E(C6H4)C≡CM](M=Au(PPh3), HgMe; 
E=O, S, SO, SO2). The region chemical structures of these angular-shaped molecules were 
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studied by NMR spectroscopy and single-crystal X-ray structural analyses. Upon 
photoexcitation, each one has an intense purple-blue fluorescence emission near 400 nm in 
dilute fluid solutions at room temperature. Harvesting of the organic triplet emissions 
harnessed through the strong heavy-atom effects of Group 10–12 transition metals was 
studied in detail. These metal-containing aryleneethynylenes spaced by chalcogen units were 
found to have large optical gaps and highenergy triplet states. The influence of metal- and 
chalcogen-based conjugation interrupters on the intersystem crossing rate and on the spatial 
extent of the lowest singlet and triplet excitations was fully elucidated. They discuss and 
compare the phosphorescence spectra of these transition-metal diynes and polyynes in terms 
of the nature of the metal centre and conjugated chain length. Their work indicates that 
high-energy triplet states in these materials intrinsically give rise to very efficient 
phosphorescence with fast radiative decays. 
Upon photoexcitation, they observed an intense purple-blue (π–π*) fluorescence 
emission peak (S1→S0) near 400 nm in dilute fluid solutions at 290 K for each of them in 
agreement with the small Stokes shift observed. They have shown that the organic triplet 
emissions of their compounds with large optical gaps have been illuminated by the 
heavy-atom effect of Group 10–12 transition-metal elements. The emission maxima are 
dependent on the nature of the acetylide ligand and thus the lowest emissive states in these 
compounds can tentatively be assigned as metal-perturbed 3IL (π–π*) transitions. Such an 
increase in intensity indicates a long-lived triplet excited state that is more sensitive to 
thermally activated nonradiative decay mechanisms. 147 The phosphorescence lifetimes at the 
peak maxima are found to be in the microsecond regime (0.12–13.6 ms) at 20 K, typical of 
those observed in similar polymetallaynes reported. 148-153 While they have a long-term 
interest to observe triplet emission under ambient conditions, this work is attractive as 
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room-temperature phosphorescence can be clearly identified for the platinum polymers and is 
rarely found in the literature for related systems containing heteroaromatic spacers. 154-157 
1.3 Objectives 
The results of a lot of search show that most of the 8-functionalized quinoline-based 
ligands undergo a lot of interesting photophysical and photochemical properties. [5, 8-12] In this 
respect, the study of systems is not only of academic interest, but may serve as the basis for 
the rational design of new solid materials with promising useful properties. Ligands based on 
functionalized quinolines are appealing because they show a great structural diversity that is 
derived from their ability to exhibit various coordination patterns combined with their 
potential to participate in a variety of non-covalent interactions.  
Our group recently synthesized the bidentate ligand: 
9,10-bis(diphenylphosphino)anthracene (PAnP) , 158, 159 1,8-bis(diphenylphosphino)Anthacene 
(DPA), 160 1,6-bis(diphenylphosphino)pyrene (1,6-PyP), 161 1,8-naphthalenediothiolate (NS22-) 
(Chart 4), 162 etc. Rich coordination and supramolecular chemistry of the bidentate ligands 
with transitional metals also have been discovered. However, discussion on the synthesis and 
properties of the quinoline-based ligand with N, P-donors and its complexes is seldom and yet 













The aim of this thesis is mainly to study the coordination chemistry of quinoline-based 
ligand 8-(diphenylphosphino)quinoline (DPPQ) toward copper(I) and mercury(II) halides, 
and investigate the crystal structures and photophysical properties of the complexes. 
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Chapter 2 Synthesis, Structures and Spectroscopy of Cu2(DPPQ)2(μ-X)2 (X = Br or I) 
2.1 Introduction 
8-quinolylphosphine derivatives, which have both imine and phosphine moieties, can act 
as bidentate ligands. Structural studies of several transition metal complexes with 
8-(diphenylphosphino)quinoline (DPPQ) have been reported.1, 2, 3 Photochemical and 
photophysical properties of several mixed-ligand ruthenium(II) polypyridine complexes with 
8-quinolylphosphines have been investigated. 4, 5 It is expected that copper(I) complexes 
containing this type of ligands can also behave as emitters, because the ligands have both imine 
and phosphine characters. 
Many copper(I) halide clusters not only display various structural motifs, but also exhibit 
photoluminescence. In this chapter, the synthesis, structure and spectroscopy of 
Cu2(DPPQ)2(μ-X)2 (X = Br or I) are discussed.  
2.2 Results and Discussion 
2.2.1 Syntheses 
2.2.1.1 Synthesis of 8-(diphenylphoshino)quinoline (DPPQ)     
Scheme 2.1 shows the synthesis of ligand 8-(diphenylphoshino)quinoline. The synthesis 
was carried out according to a modified literature procedure. 4 ,  6,  7 It was synthesized from the 
reaction of 8-bromoquinoline with n-butyllithium and cholorodiphenylphosphine. The 
compound was purified by column chromatography on silica gel with CH2Cl2 as the eluent 












   
 
2.2.1.2 Synthesis of Cu2(DPPQ)2(μ-X)2 
Scheme 2.2 shows the reactions of DPPQ with CuI and CuBr. The syntheses of copper(I) 
complexes were carried out according to a modified literature procedure. 8 The reactions with 
CuI and CuBr produced Cu2(DPPQ)2(μ-I)2 and Cu2(DPPQ)2(μ-Br)2, respectively. Both the 
complexes were characterized by elemental analysis, 1H and 31P {1H} NMR and X-ray 
crystallography. The products of these two compounds display peaks attributable to the singly 

















    
Cu2(DPPQ)2(μ-I) 2 (1) was synthesized in moderate yield of 61% by reacting CuI and 
28 
 
DPPQ in 1:1 ratio in CH2Cl2 (Scheme 2.2). Addition of excess diethyl ether to the solution 
precipitated the crude product Cu2(DPPQ)2(μ-I)2 as an orange powder. The complex can be 
dissolved in organic solvents such as CH3CN, CH2Cl2 and CHCl3. Two different types of 
crystal structures 1A and 1B were obtained. The crystals 1A were obtained by slow diffusion 
of diethyl ether into a dilute solution of 1 in CH2Cl2. Whereas, the crystals of 1B were 
obtained by slow diffusion of diethyl ether into a concentrated solution of 1 in CH2Cl2. Both 
the crystal forms are very stable and deep orange in color. Significant downfield shifts were 
observed for the signals of the H atoms of the rings of quinoline and benzene in the complex 
compared to those of the free ligand in the 1H NMR spectrum, implying electron donation 
from the Cu to the N, P ligand. The 31P {1H} NMR spectra of the cuprous complexes showed a 
singlet peak at δ = -29.09 ppm, indicating the occurrence of coordination. The ESI-MS 
spectrum displayed a significant peak which can be attributed to the singly charged 
[Cu(DPPQ)2]+(m/z 689). 
Cu2(DPPQ)2(μ-Br)2 (2) was synthesized in moderate yield of 50% by reacting CuBr and 
DPPQ in 1:1 ratio in CH2Cl2 (Scheme 2.2). Addition of excess diethyl ether into the solution 
precipitated the crude product Cu2(DPPQ)2(μ-Br)2 as an orange powder. The complex can be 
dissolved in CH2Cl2 and CHCl3 but it is much more soluble and stable in CH3CN. Red-orange 
crystals of the complex were obtained by slow diffusion of diethyl ether into degassed CH3CN 
solution of the complex. The complex is air-sensitive being easily oxidized to Cu(II) as evident 
from the change of the color of the crystals from orange to green. The downfield shifts for the 
signals of the H atoms of the rings of quinoline and benzene in the complex compared to 
those of the free ligand in the 1H NMR spectrum and a singlet peak at δ = -23.07 ppm for 31P 
{1H} NMR spectrum of the cuprous complex showed that the coordination occurred. The 
ESI-MS spectrum of 2 displayed a significant peak which can be attributed to the singly 
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charged [Cu(DPPQ)2]+(m/z 689). 
2.2.2 X-ray Crystal Structure 
2.2.2.1 Structure of [Cu2(DPPQ)2(μ-I)2] (1A) and [Cu2(DPPQ)2(μ-I)2 ]·(1/2CH2Cl2) (1B) 
The two crystal forms of Cu2(DPPQ)2(μ-I)2 were characterized by single crystal X-ray 
diffractions. The crystal data and structure refinement details are given in Appendix C (Tables 
C.1-C.6). Figure 2.1 and Figure 2.2 show the ORTEP plots of 1A and 1B determined at 100K. 




Figure 2.1 ORTEP plot of 1A (thermal ellipsoids drawn at 50% probability level). H atoms are 
not shown for clarity. Color Scheme: Cu (cyanic), P (orange), N (blue), I (purple), C (grey) 
Table 2.1 Selected bond lengths (Å) and angles (deg) of 1A at 100K.  
Bond lengths  Bond angles  
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Cu(1)-Cu(2) 2.8875(9) I(2)-Cu(1)-I(1) 111.31(2) 
Cu(1)-P(1) 2.2296(15) I(1)-Cu(2)-I(2) 111.87(2) 
Cu(1)-N(1) 2.101(4) Cu(1)-I(1)-Cu(2) 66.59(2) 
Cu(1)-I(2) 2.6311(8) Cu(2)-I(2)-Cu(1) 67.45(2) 
Cu(1)-I(1) 2.5903(7) N(1)-Cu(1)-I(1) 108.22(11) 
Cu(2)-N(2) 2.125(4) P(1)-Cu(1)-I(1) 110.71(4) 
Cu(2)-P(2) 2.2510(15) P(1)-Cu(1)-I(2) 132.91(4) 
Cu(2)-I(1) 2.6287(7) N(1)-Cu(1)-I(2) 101.30(12) 
Cu(2)-I(2) 2.6204(8) N(1)-Cu(1)-P(1) 84.79(12) 
  N(2)-Cu(2)-I(1) 103.85(11) 
  P(2)-Cu(2)-I(1) 117.66(5) 
  N(2)-Cu(2)-P(2) 86.77(12) 
  N(2)-Cu(2)-I(2) 105.91(12) 
  P(2)-Cu(2)-I(2) 123.82(5) 
  I(2)-Cu(1)-I(1) 111.31(2) 
  I(1)-Cu(2)-I(2) 111.87(2) 
  Cu(1)-I(1)-Cu(2) 66.59(2) 
  Cu(2)-I(2)-Cu(1) 67.45(2) 
  N(1)-Cu(1)-I(1) 108.22(11) 
  P(1)-Cu(1)-I(1) 110.71(4) 
  P(1)-Cu(1)-I(2) 132.91(4) 
  N(1)-Cu(1)-I(2) 101.30(12) 
  N(1)-Cu(1)-P(1) 84.79(12) 
 
Single crystal X-ray diffraction analysis of 1A shows that the molecule of 1 crystallized in 
space group P21/n with four molecules in each unit cell (Table C.1). Both copper(I) ions in the 
molecule show a distorted tetrahedral geometry. The bond lengths Cu(1)-N(1) (2.101(4) Å), 
Cu(1)-P(1) (2.2296(15) Å), Cu(2)-N(2) (2.125(4) Å), Cu(2)-P(2) (2.2510(15) Å) are similar 
with the data as seen in other reported copper(I) complexes with N, P-heteroaromatic ligands. 9, 
10, 11 In addition, the asymmetric bridging bond distances Cu(1)-I(1) (2.6311(8) Å), Cu(1)-I(2) 
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(2.5903(7) Å), Cu(2)-I(1) (2.6287(7) Å), Cu(2)-I(2) (2.125(4) Å), 11 and the angles subtended 
by the ligands at the two copper(I) ions in 1A varying from 84.79(12)º (N(1)-Cu(1)-P(1)) to 
132.91(4)º (P(1)-Cu(1)-I(2)) of Cu(1), 86.77(12)º (N(2)-Cu(2)-P(2)) to 123.82(5)º 
(P(2)-Cu(2)-I(2)) of Cu(2) are far from the predicted geometry (109.5º and 70.5º) for 
symmetric Y2MX2MY2 dimers as reported by Summerville and Hoffmann for d10 systems 
(Cu-I-Cu = 94º), 12 verifying the distorted tetrahedral environment.         
The two copper ions and two bridging iodide ions are not coplanar because the dihedral 
angle between the planes Cu(1)-I(1)-Cu(2) and Cu(1)-I(2)-Cu(2) is 14.59º. Furthermore, the 
sum of internal angles of the four-membered [Cu2(μ-I)2] core are not 360º.  
Therefore, the four different Cu-I distances, the angles subtended by the ligands, the 
dihedral angle and the sum of internal angles of the core reveal that the complexes at solid state 
are asymmetric doubly iodido-bridged dimer, with the ligand attached cis to each other. The 
iodide atoms link two copper(I) ions in μ2-bridge mode, forming a [Cu2(μ-I)2] unit. Moreover, 
the tetrahedral copper(I) ions are bonded by N and P atoms of DPPQ, and two iodide ions, 
constructing a windmill shaped structure. 
The distance between copper(I) ions of the molecules in the crystal 1A (2.8875(9) Å) is 
longer than the sum of Van der Waals radii (2.8 Å), 4  indicating the absence of orbital 





Figure 2.2 ORTEP plot of 1B at 100K (thermal ellipsoids drawn at 50% probability level). H 
atoms and solvent are not shown for clarity. Color Scheme: Cu (cyanic), P (orange), N (blue), I 
(purple), C (grey) 
Table 2.2 Selected bond lengths (Å) and angles (°) of 1B at 100K.  
Bond lengths  Bond angles  
Cu(1)-Cu(2) 2.6172(6) I(2)-Cu(1)-I(1) 107.627(18) 
Cu(1)-P(1) 2.2335(10) I(1)-Cu(2)-I(2) 108.264(16) 
Cu(1)-N(1) 2.108(3) Cu(1)-I(1)-Cu(2) 59.736(15) 
Cu(1)-I(2) 2.6185(5) Cu(2)-I(2)-Cu(1) 59.568(15) 
Cu(1)-I(1) 2.6540(5) N(1)-Cu(1)-I(1) 99.31(8) 
Cu(2)-N(2) 2.097(3) P(1)-Cu(1)-I(1) 123.79(3) 
Cu(2)-P(2) 2.2237(10) P(1)-Cu(1)-I(2) 119.50(3) 
Cu(2)-I(1) 2.6144(6) N(1)-Cu(1)-I(2) 115.79(8) 
Cu(2)-I(2) 2.6369(6) N(1)-Cu(1)-P(1) 86.87(8) 
  N(2)-Cu(2)-I(1) 107.47(9) 
  P(2)-Cu(2)-I(1) 117.14(3) 
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  N(2)-Cu(2)-P(2) 86.02(9) 
  N(2)-Cu(2)-I(2) 106.33(8) 
  P(2)-Cu(2)-I(2) 126.58(3) 
  I(2)-Cu(1)-I(1) 107.627(18) 
  I(1)-Cu(2)-I(2) 108.264(16) 
 
Single crystal X-ray diffraction analysis of 1B shows that the molecule of 1 crystallized in 
space group C2/c with eight molecules in each unit cell (Table C.2). Both copper(I) ions in the 
molecule show a distorted tetrahedral geometry. 
Analogous to the structure of crystal 1A, the bond lengths Cu(1)-N(1) (2.108(3) Å), 
Cu(1)-P(1) (2.2335(10) Å), Cu(2)-N(2) (2.097(3) Å), Cu(2)-P(2) (2.2237(10) (Å) also agree 
with the reported data. Furthermore, the asymmetric bridging bond lengths Cu(1)-I(1) 
(2.6185(5) Å), Cu(1)-I(2) (2.6540(5) Å), Cu(2)-I(1) (2.6144(6) Å), Cu(2)-I(2) (2.6369(6) Å) 
and the angles subtended by the ligands at the two copper(I) ions in 1B varying from 86.87(8)º 
(N(1)-Cu(1)-P(1)) to 123.79(3)º (P(1)-Cu(1)-I(1)) of Cu(1), 86.02(9)º (N(2)-Cu(2)-P(2)) to 
126.58(3)º (P(2)-Cu(2)-I(2)) of Cu(2) also confirm the distorted tetrahedral environment. 
The two copper ions and two bridging iodide ions are also not coplanar because the 
dihedral angle between the planes Cu(1)-I(1)-Cu(2) and Cu(1)-I(2)-Cu(2) is 42.43º. The sum 
of internal angles of the four-membered [Cu2(μ-I)2] core are also not 360º. So the four 
different Cu-I, the angles subtended by the ligands, the dihedral angle and the sum of internal 
angles of the core reveal that the complexes at solid state are also asymmetric doubly 
iodido-bridged dimer, with the ligands attached cis to each other constructing a windmill 
shaped structure as well.  
The distance between two copper ions of the molecules in the crystals 1B is 2.6172(6) Å, 
which is significantly shorter than the Cu-Cu distance observed in 1A. It indicates that the 
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Cu-Cu distance in the molecule can be easily influenced by weak interaction such as crystal 
packing. 9 
The crystals of complexes 1A and 1B were grown by slow diffusion of diethyl ether into 
the CH2Cl2 solution. Although the solvent is the same, the crystallization processes and 
condition are different. The crystal 1B could have been obtained by faster crystallization which 
led to some disorder as well as the need for space-filling solvent CH2Cl2 in the crystal. The 
crystallization process of 1A was slower as the concentration of this solution of complex was 
lower and the molecules could take time to line up properly so that there is no need to have 
space filling solvent for disorder. 
Apart from the Cu-Cu distance, the molecules in the two crystal forms are different in 
conformation. The phenyl rings of the molecule in 1B are closer in crystal forms than the ones 
in 1A. The [Cu2(μ-I)2] core is more planar in 1A than in 1B because the dihedral angle between 
the planes Cu(1)-I(1)-Cu(2) and Cu(1)-I(2)-Cu(2) of 1A (14.59º) is smaller than 1B (42.43º). 
Distances involving iodide ions are also different. 
Table 2.3 Selected bond lengths (Å) and angles (deg) of 1A at 100K, 223K and 295K.  
1A 
100K 223K 295K 
Cu(1)-Cu(2) 2.8875(9) 2.9194(7) 2.9380(12) 
Cu(1)-P(1) 2.2296(15) 2.2334(11) 2.2409(19) 
Cu(1)-N(1) 2.101(4) 2.108(3) 2.104(5) 
Cu(1)-I(2) 2.6311(8) 2.6358(6) 2.6369(11) 
Cu(1)-I(1) 2.5903(7) 2.5981(6) 2.6039(9) 
Cu(2)-N(2) 2.125(4) 2.134(3) 2.153(5) 
Cu(2)-P(2) 2.2510(15) 2.2537(11) 2.2533(19) 
Cu(2)-I(1) 2.6287(7) 2.6126(6) 2.6118(10) 
Cu(2)-I(2) 2.6204(8) 2.6370(6) 2.6406(9) 
I(2)-Cu(1)-I(1) 111.31(2) 110.719(19) 110.76(3) 
I(1)-Cu(2)-I(2) 111.87(2) 111.218(19) 110.39(3) 
35 
 
The temperature-dependence of structures of the complex in the crystal 1A was 
investigated. The Cu(1)-Cu(2), Cu(1)-P(1), Cu(2)-N(2) distances are found to increase as the 
temperature of the measurement was increased, while the change of Cu(1)-N(1), Cu(2)-P(2) 
distances are less significant. 
2.2.2.2 Structure of [Cu2(DPPQ)2(μ-Br)2] (2) 
The complex [Cu2(DPPQ)2(μ-Br)2] was also characterized by single crystal X-ray 
diffraction. The crystal data and structure refinement details are given in Appendix C (Tables 
C.1-C.6). Figure 2.3 shows the ORTEP plot of 2 at 100K. The selected bond lengths and 






Figure 2.3 ORTEP plot of 2 at 100K (thermal ellipsoids drawn at 50% probability level). H 
atoms are not shown for clarity. Color Scheme: Cu (cyanic), P (orange), N (blue), Br (yellow), 
C (gray) 
Table 2.4 Selected bond lengths (Å) and angles (deg) of 2 at 100K, 223K and 295K.  
2 100K 223K 295K 
Cu(1)-Cu(2) 2.9493(5) 2.9658(7) 2.9732(5) 
Cu(1)-N(1) 2.106(2) 2.106(3) 2.115(2) 
Cu(1)-P(1) 2.2059(7) 2.2109(12) 2.2124(8) 
Cu(1)-Br(2) 2.4462(4) 2.4505(7) 2.4514(5) 
Cu(1)-Br(1) 2.4896(5) 2.4927(7) 2.4944(5) 
Cu(2)-N(2) 2.119(2) 2.138(3) 2.141(2) 
Cu(2)-P(2) 2.2165(7) 2.2182(12) 2.2184(9) 
Cu(2)-Br(2) 2.4504(5) 2.4493(7) 2.4478(5) 
Cu(2)-Br(1) 2.4787(5) 2.4806(7) 2.4811(5) 
Br(1)-Cu(1)-Br(2) 104.453(14) 104.08(2) 103.859(17) 
Br(2)-Cu(2)-Br(1) 104.657(14) 104.49(2) 104.366(17) 
Cu(2)-Br(1)-Cu(1) 72.828(12) 73.22(2) 73.390(15) 
Cu(1)-Br(2)-Cu(2) 74.071(13) 74.50(2) 74.726(16) 
N(1)-Cu(1)-P(1) 87.20(6) 87.11(10) 86.72(7) 
N(1)-Cu(1)-Br(2) 106.62(6) 107.12(10) 107.60(7) 
P(1)-Cu(1)-Br(2) 126.92(2) 126.63(4) 126.45(3) 
N(1)-Cu(1)-Br(1) 104.13(6) 103.85(10) 103.83(7) 
P(1)-Cu(1)-Br(1) 121.76(2) 122.38(4) 122.80(3) 
N(2)-Cu(2)-P(2) 85.47(6) 85.22(9) 84.87(7) 
N(2)-Cu(2)-Br(2) 102.05(6) 102.66(10) 103.12(7) 
P(2)-Cu(2)-Br(2) 133.88(2) 133.76(4) 133.75(3) 
N(2)-Cu(2)-Br(1) 108.74(6) 108.89(9) 108.86(7) 
P(2)-Cu(2)-Br(1) 115.89(2) 115.95(4) 116.05(3) 
 
The complex 2 crystallized in space group P21/n. There are four molecules in each unit 
cell (Table C.3). Each copper(I) ion is in a distorted tetrahedral system. Similar to the structure 
of the molecule in crystals 1A, the bond lengths Cu(1)-N(1) (2.106(2) Å), Cu(1)-P(1) 
(2.2059(7) Å), Cu(2)-N(2) (2.119(2) Å), Cu(2)-P(2) (2.2165(7) (Å) also agree with the 
37 
 
reported data. Furthermore, the asymmetric bridging bond lengths Cu(1)-Br(1) (2.4462(4) Å), 
Cu(1)-Br(2) (2.4896(5) Å), Cu(2)-Br(1) (2.4504(5) Å), Cu(2)-Br(2) (2.4787(5) Å) and the 
angles subtended by the ligands at the copper(I) ions in 2 varying from 87.20(6)º 
(N(1)-Cu(1)-P(1)) to 126.92(2)º (P(1)-Cu(1)-Br(2)) of Cu(1), 85.47(6)º (N(2)-Cu(2)-P(2)) to 
133.88(2)º (P(2)-Cu(2)-Br(2)) of Cu(2) also verify that the distorted tetrahedral environment. 
The copper(I) ions are in distorted tetrahedral geometry, being bonded to N and P atom of 
DPPQ and two bridging bromide ions to form four-membered chelating rings with the ligands. 
The DPPQ forms a five-membered chelate ring with the copper(I) ions. Each bromide ion 
bridges two copper(I) atoms, forming a [Cu2(μ-Br)2] non-planar rhombic structure.  
[Cu2(μ-Br)2] unit is not planar, showing a dihedral angle between the planes 
Cu(1)-Br(1)-Cu(2) and Cu(1)-Br(2)-Cu(2) of 18.60º. As in the case of the complexes 1A and 
1B, the four different Cu-Br distances and internal angles in the [Cu2(μ-Br)2] core reveals that 
the complex is asymmetrically doubly bromido-bridged dimer in solid state, with the ligands 
attached cis to each other.  
The Cu-Cu distance in crystal 2 is found to be 2.9493(5) Å which is much longer than the 
sum of Van der Waals radii (2.8 Å), indicating the absence of direct orbital interactions 
between the copper(I) ions. Similar to the complex 1A, 2 shows very small change in bond 
lengths and angles over 195K (Table 2.3).
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2.2.3 Electronic Absorption Spectroscopy 
Room-temperature UV-vis absorption spectra of 1, 2 and DPPQ measured in 
CH2Cl2 are shown in Figure 2.4.  


















Figure 2.4 UV-vis absorption spectra of l DPPQ and complexes 1-2 in degassed 
CH2Cl2 solution. Black line: DPPQ, 1.1099 * 10-4 mol·L-1; red line: 1, 9.3350 * 10-5 
mol·L-1; blue line: 2, 9.8590 * 10-5 mol·L-1. 
Figure 2.4 shows the room temperature UV-vis absorption spectra of DPPQ, 1 and 
2 in CH2Cl2. The absorption spectrum of DPPQ is dominated by a broad, intense 
absorption (λmax = 273nm, εmax = 7.3 * 103 mol-1dm3cm-1). A similar absorption band is 
found in the spectrum of 8-(diphenylphosphino)quinaldine (λmax = 300nm, εmax = 3.5 * 
103 mol-1dm3cm-1). 14 Accordingly the absorption is assigned to π → π* transitions of 
the quinoline ring in DPPQ. The spectra of 1 and 2 are nearly identical showing the 
intense ligand centered transitions at 287nm (εmax = 2.37 * 104 mol-1dm3cm-1) and 283 
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nm (εmax = 2.60 * 104 mol-1dm3cm-1), respectively. The apparent extinction coefficients 
of the absorptions are more than two times of that of DPPQ because each copper 
complex has two DPPQ ligands and overlap of the absorptions with high energy 
absorption of the phenyl rings around 250 nm. It is noted that the copper complexes 
exhibit moderately intense absorption from 370 nm to 450 nm which is absent in the 
spectrum of DPPQ. The absorption is responsible for the pale yellow color of the 
complexes. Copper(I) complexes of aromatic α-diimine ligands such as 2, 2′ – 
bipyridine are known to exhibit low energy metal-to-ligand-charge-transfer (MLCT) 
absorption. 15, 16, 17, 18 The 370 – 450 nm absorption of 1 and 2 are tentatively assigned 
to MLCT transition in which an electron is excited from a d-orbitals of the bridging 
halide ions can mix with the d-orbitals of the copper ion to a π*-orbital of the quinoline. 
Although the p-orbitals of the bridging halide ions can mix with the d-orbitals of the 
copper ions and would introduce ligand (lone-pair orbitals of Br/I)-to-ligand (π*-orbital 
of quinoline)-charge-transfer (LLCT) character to the charge transfer, the MLCT 
transfer, the MLCT absorptions of 1 and 2 especially overlap. It is therefore proposed 
that the MLCT transition has very little contribution from LLCT.  
2.2.4 Emission Spectroscopy 
The emission spectra of free ligand DPPQ and complexes 1 and 2 in the solid state 
are shown in Figures 2.5. No emission is observed in solution for the complexes. 
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Figure 2.5 Emission spectra of DPPQ and complexes 1-2 in solid state. Blue line: 
DPPQ, excited wavelength = 300 nm; black line: 1, excited wavelength = 300 nm; red 
line: 2, excited wavelength = 300 nm. 
Upon excitation at 300 nm, the free ligand shows maximum emission at 490 nm as 
reported.14 The emission maxima of complex 1 and complex 2 are located at 646 nm 
and 620 nm, respectively. The emission lifetime are estimated at 2.97 μs (1) and 3.06 
μs (2) from the emission decay curve well fitted with single exponential function 
(Figure E.1 and E.2), indicating that the emission are phosphorescence. The emission 
maxima of 1 and 2 in solid state are largely shifted to lower energy compared to that of 
the free ligand, suggests that the emission band are originated from the MLCT 
transition from the d-orbitals of the copper ions to π*-orbital of the quinoline group 
mixed with ligand -to-ligand-charge-transfer (LLCT) from lone-pair orbitals of Br/I to 
π*-orbital of quinoline. Furthermore, the emission energy dependence on the 
coordinated halogenide ions and structural similarity involving the Cu-DPPQ moiety 
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between the complexes suggest that the halogen-to-ligand-charge-transfer (XLCT) 
from halogenide to the ring of quinoline may contribute to the emissive excited states, 
because the heavier the halogen in the copper complex, the lower the energy of the 
emission. The other weaker, higher energy emission band in the region at 400-500 nm 
may be assigned to the intraligand charge transfer π→π* transitions of the ring of 
quinoline in DPPQ.  
Complexes 1 and 2 are not luminescent in degassed solution. The assignment may 
be consisted with the suggestion that the emission in solution is so weak due to the 
lower bulkiness of the coordination sphere around the copper atom in the complex 
structure, facilitating a tetragonal flattening distortion of the excited luminophore 
and/or attack of solvent molecules on the excited state in solution. 14 
2.3 Conclusion 
In this chapter, the reaction of the ligand 8-(diphenylphosphino)quinoline (DPPQ), 
with CuI and CuBr in 1:1 ratio by using CH2Cl2 as the solvent leads to binuclear 
complexes of the type [DPPQ·CuX]2 (X = I (1), Br (2)). Single crystal X-ray analysis 
reveals the presence of asymmetric binuclear structure containing the ligand and CuX 
(X = I or Br), which is doubly halogen-bridged dimer, with the ligand attached cis to 
the two Cu atoms. In case of 1, we have obtained two different structures based on the 
structural differences in the Cu2I2 core which crystallize in different space groups. 
The NMR data of the product Cu2(DPPQ)2(µ-I)2 (1), by the reaction of CuI with the 
ligand, is similar to 2. Spectroscopic study shows that the absorption and emission are 
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assigned to π → π*, XLCT and MLCT transitions. In the solid state, it is found that the 
emissive energy of the complex is shifted to lower energy for the series, Br- > I-. 
2.4 Experimental Section 
General Methods 
All syntheses were carried out in a dry N2 atmosphere by using Schlenk techniques. 
All the solvents used for syntheses and spectroscopic measurements were purified 
according to the literature procedures. Acetonitrile was distilled over magnesium 
powder, dichloromethane was purified over CaH2 and diethyl ether (Et2O) was purified 
over a mixture of sodium and benzophenone just before use. All other solvents were 
of reagent grade and used without further purification. CuI, CuBr and nBuLi were 
purchased from Sigma Aldrich, 8-bromoquinaoline and ClPPh2 were purchased from 
Alfa-Aesar and used without further purification. DPPQ was prepared according to the 
reported methods and purified by column chromatography on silica gel with CH2Cl2 as 
the eluent. Cu2(DPPQ)2I2 and Cu2(DPPQ)2Br2 were prepared in situ by reacting CuI 
and CuBr with 1 mol equiv. of DPPQ in CH2Cl2 to afford orange red crystals in 
moderate yield, respectively. 
Physical Measurements 
Electronic Absorption and Emission    The UV–vis absorption and room 
temperature emission spectra of the complexes were recorded on a Shimadzu UV1601 
UVvisible spectrophotometer and FLSP920 fluorescence spectrophotometer, 
respectively. The solutions used for emission spectra and lifetime measurements were 
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degassed by four freeze-pump-thaw cycles. Emission lifetime measurements were 
performed with FLS920-m that is a modular, computer controlled spectrometer for 
time resolved photoluminescence measurements in the microsecond to second time 
scale. 
1H and 31P {1H} NMR    NMR experiments were performed on a Bruker ACF 
300, AMS500 spectrometer  using the residual protonated solvents as internal 
standards. All spectra were recorded at room temperature. All chemical shifts (δ) are 
reported in ppm and coupling constants (J) in Hz. 1H NMR chemical shifts are relative 
to tetramethylsilane; the resonance of residual protons of solvents was used as an 
internal standard. 31P {1H} NMR chemical shifts were relative to 85% H3PO4. The 
relative intensities of the 31P NMR signals obtained from normal broadband 
proton-decoupling experiments are essentially the same as those obtained from the 
inverse-gated 1H-decoupling experiment (which gives 1H-decoupled 31P NMR spectra 
without signal enhancement by nuclear Overhauser effect), and are used to represent 
the ratios of the isomers. 
ESI-MS    Electrospray ionization mass spectra (ESI-MS) were measured on a 
Finnigan MAT 731 LCQ spectrometer. Elemental analyses of the complexes were 
carried out at the Elemental Analysis Laboratory in the National University of 
Singapore. 
X-ray crystallography    The diffraction experiments were carried out on a 
Bruker AXS SMART CCD 3-circle diffractometer with a sealed tube at 23℃ using 
graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). Details of the crystals, 
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data collection, and structure refinement are listed in Table C.1 - 3. The software used 
were: SMART [19] for collecting frames of data, indexing reflection and determination 
of lattice parameters; SAINT[20] for integration of intensity of reflections and scaling; 
SADABS[21] for empirical absorption correction; and SHELXTL[22] for space group 
determination, structure solution and least-squares refinements on |F|2. The crystals 
were mounted at the end of glass fibers and used for the diffraction experiments. 
Anisotropic thermal parameters were refined for rest of the non-hydrogen atoms. The 
hydrogen atoms were placed in their ideal positions. 
Syntheses  
Synthesis of 8-(diphenylphoshino)quinoline (DPPQ) 
The synthesis was carried out according to a modified literature procedure. 3, 6, 7 To 
a stirred solution of 8bromoquinoline (31 mg, 1.47 mmol) in dry THF (30 mL) under 
dry nitrogen, nBuLi (1.68 mL, 1.05 M in hexanes, 1.76 mmol) was added dropwise at 
78℃ and the mixture was stirred for 30 minutes, followed by the addition of 
cholorodiphenylphosphine (0.4 mL, 2.23 mmol) and the solution was allowed to 
warm up to room temperature and continued stirring overnight. The solvent was 
removed and orange oil as the crude product was obtained, which was purified by 
column on silica gel using CH2Cl2 as eluent. The solvent evaporated on a vacuum line 
to produce 244.3 mg (53.00 % yield) of a light yellow solid. 1H NMR (300 MHz, 
CDCl3, δ/ppm): 8.87 (H2 qn, dd, J = 4.23 Hz, 1.75 Hz, 1H), 8.17 (H4 qn, dd, J = 8.31 
Hz), 7.82 (H5 qn, d, J = 8.00 Hz, 1H) ), 7.42 ( H3 qn and H6 qn, m, 2H), 7.30 (m, H Ph, 
10H), 7,15( H7 qn, ddd, J = 7.09, 3.77, 1.36 Hz, 1H). 31PNMR (121.5 MHz, CDCl3): 
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−14.40 (s, 1P). 
Synthesis of Cu2(DPPQ)2I2  
To a stirred solution of CuI (25 mg, 0.13 mmol) in 20 mL of CH2Cl2, 
8-(diphenylphoshino)quinoline (41mg, 0.13 mmol) in 10 mL of CH2Cl2 was added 
dropwise under nitrogen. The reaction mixture was stirred at room temperature for 3 h. 
Then the solution was concentrated to a small volume using a vacuum line and excess 
diethyl ether was added to form 40.8 mg (61.30% yield) red-orange participate. Orange 
crystal was obtained by slow diffusion of diethyl ether into the CH2Cl2 solution. Anal. 
Calcd for C42H32Cu2N2P2I2 (%): C, 50.02; H, 3.30; N, 2.78. Found (%): C, 50.04; H, 
3.33; N, 3.53. 1H NMR (500 MHz, CDCl3, δ/ppm): 9.38 (H2 qn, d, J = 4.36 Hz, 1H), 
8.27 (H4 qn, d, J = 8.27 Hz, 1H), 7.95 (H5 qn, d, J = 8.05 Hz, 1H) ), 7.82 (H6 qn, t, J = 
6.71 Hz, 1H), 7.60 (m, H3 qn, o-H Ph, 5H), 7,45( H7 qn, ddd, J = 8.26, 4.46, 3.76 Hz, 
1H), 7.36 (p-H Ph, t, J = 7.20 Hz, 2H), 7.30 (m-H Ph, t, J = 7.30 Hz, 4H). 31P NMR 
(202.5 MHz, CDCl3): −29.09 (s, 1P). ESI-MS (m/z) : 689 [M-CuI2]+.  
Synthesis of Cu2(DPPQ)2Br2 
To a stirred solution of solution of CuBr (19 mg, 0.13 mmol) in 20 mL of CH2Cl2, 
8-(diphenylphoshino)quinoline (40 mg, 0.13 mmol) in 10 mL of CH2Cl2 was added 
dropwise under nitrogen. The reaction mixture was stirred at room temperature for 3 h. 
Then the solution was concentrated to a small volume using a vacuum line and excess 
diethyl ether was added to form 29.6 mg (50.20% yield) red-orange participate. Orange 
crystal was obtained by diffusion of diethyl ether into the CH3CN solution. Anal. Calcd 
for C42H32Cu2N2P2Br2 (%): C, 55.16; H, 3.64; N, 3.06. Found (%): C, 55.07; H, 3.62; N, 
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3.05. 1H NMR (500 MHz, CDCl3, δ/ppm): 9.20 (H2 qn, S, 1H), 8.35 (H4 qn, d, J = 8.1 
Hz, 1H), 8.02 (H5 qn, d, J = 7.1 Hz, 1H) ), 7.89 ( H3 qn, m, 1H), 7.67 (H6 qn, t, J = 7.63 
Hz, 1H), 7.54 (m, H5 qn, o-H Ph, 5H), 7.40 (p-H Ph, t, J = 7.23 Hz, 2H), 7.35 (m-H Ph, 
t, J = 7.37 Hz, 4H). 31P NMR (202.5 MHz, CDCl3): −23.07 (s, 1P). ESIMS (m/z) : 689 
[MCuI2]+.  
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Chapter 3 Synthesis, Variable Temperature Structures, and Spectroscopy of 
Hg2(DPPQ)2(μ-I)2I2 
3.1 Introduction 
The results in Chapter 2 show that attaching CuX (X = I or Br) to 
8-(diphenylphosphino)quinoline (DPPQ) could form asymmetric binuclear structures 
that are doubly halogen-bridged dimers. Spectroscopic Investigations reveal that the 
emission bands probably mainly orginated from ligand centered π→π*, XLCT and 
MLCT transitions. 
The results contribute to continuative search for the structure and spectroscopy of 
mercury(II) iodide complexes. In this chapter, binuclear mercury(II) iodide complexes 
with 8-(diphenylphosphino)quinoline are prepared. The variable temperatures 
structures, emission properties of the mercury(II) complexes in solid state are also 
investigated. 
3.2 Results and Discussion 
3.2.1 Syntheses of Hg2(DPPQ)2(μ-I)2I2 
Reaction of DPPQ and HgI2 in MeOH/CH2Cl2 (1:1) which gave rise to binuclear 
complex Hg2(DPPQ)2(μ-I)2I2 in 65% yield (Scheme 3.1). The complexes were isolated 
as white powders from the solution mixture by addition of diethyl ether. The synthesis 
of mercury(II) iodide complex was carried out according to modified literature 
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procedure of the synthesis of familiar complexes.1, 2 The complexes were characterized 




















The complexes can be dissolved in CH2Cl2 and CHCl3. The complexes exhibit 
crystal polymorphism since two forms of crystals, 3 and 4, were obtained from different 
crystallization conditions. Pale yellow crystals 3 were obtained by slow diffusion of 
diethyl ether into a CH2Cl2 solution of the complex. Another form of crystals, 4, was 
obtained by slow diffusion of diethyl ether into the solution of complex in CHCl3. 
Crystals 3 and 4 give the same 1H and 31P {1H NMR spectra. Significant downfield 
shifts are observed for the protons of the rings of quinoline and benzene compared to 
those of the free ligands in the 1H NMR spectra, implying electron donation from the 
Hg ions to the N, P ligands. The 31P {1H} NMR spectra of the complex showed a singlet 
at δ = 2.35 ppm at room temperature. The ESI-MS spectrum displays an intense peak at 




3.2.2 X-ray Crystal Structures of [Hg2(DPPQ)2(μ-I)2I2] (3) and (4) 
3.2.2.1 X-ray Crystal Structures of [Hg2(DPPQ)2(μ-I)2I2] (3) 
The two crystal forms of Hg2(DPPQ)2(μ-I)2I2 were characterized by single crystal 
X-ray diffraction. The crystal data and structures refinement details are given in 
Appendix C (Tables C.1-C.6). Figure 3.1 and 3.2 show the ORTEP plots of 3 
determined at 100K. The selected bond lengths and angles at different temperatures are 
listed in Table 3.1 and 3.2. 
 
 
Figure 3.1 ORTEP plot of 3A (thermal ellipsoids drawn at 50% probability level). H 
atoms are not shown for clarity. Color Scheme: Hg (magenta), P (orange), N (blue), I 








Figure 3.2 ORTEP plot of 3B (thermal ellipsoids drawn at 50% probability level). H 




Table 3.1 Selected bond lengths (Å) and angles (deg) of 3A at 100K, 200K, 295K, 323K and 373K.  
3A 100K 200K 295K 323K 373K 
Hg(1)-Hg(1)′ 4.0889(5) 4.1127(5) 4.1325(7) 4.1477(6) 4.1648(7) 
Hg(1)-N(1) 3.2593(40) 3.2178(47) 3.1788(47) 3.1700(59) 3.1470(65) 
Hg(1)-P(1) 2.4627(11) 2.4648(13) 2.4642(13) 2.4702(15) 2.4714(17) 
Hg(1)-I(2) 2.7073(4) 2.7036(5) 2.7028(5) 2.6999(6) 2.6964(6) 
Hg(1)-I(1) 2.7526(4) 2.7464(5) 2.7399(6) 2.7368(6) 2.7334(6) 
Hg(1)-I(1)′ 3.1676(4) 3.2029(5) 3.2332(6) 3.2488(6) 3.2702(6) 
P(1)-Hg(1)-I(2) 120.88(3) 120.43(3) 120.18(3) 119.83(4) 119.63(4) 
P(1)-Hg(1)-I(1) 115.62(3) 116.49(3) 117.12(3) 117.57(4) 117.96(4) 
I(2)-Hg(1)-I(1) 119.65(1) 119.65(2) 119.57 (2) 119.65(2) 119.66(2) 
P(1)-Hg(1)-I(1)′ 96.19(3) 95.59(3) 95.12(3) 94.83(4) 94.52(4) 
I(2)-Hg(1)-I(1)′ 100.30(1) 99.87(1) 99.60(2) 99.54(2) 99.38 (2) 
I(1)-Hg(1)-I(1)′ 92.932(10) 92.89(1) 92.85(1) 92.71 (1) 92.63(2) 
Hg(1)-I(1)-Hg(1)′ 87.07(1) 87.11(1) 87.15(1) 87.29(1) 87.37(2) 
N(1)-Hg(1)-I(1) 84.16(7) 84.82(9) 85.26(9) 85.80(11) 86.20(13) 
N(1)-Hg(1)-I(1)′ 149.42(7) 149.50(9) 149.75(9) 149.76(11) 149.88(12) 




Table 3.2 Selected bond lengths (Å) and angles (deg) of 3B at 100K, 200K, 295K, 323K and 373K.  
3B 100K 200K 295K 323K 373K 
Hg(2)-Hg(2)′ 4.3150(5) 4.3297(5) 4.3416(7) 4.3571(6) 4.3685(6) 
Hg(2)- N(2) 2.7827(36) 2.7850(41) 2.7856(51) 2.7881(41) 2.8027(55) 
Hg(2)-P(2) 2.4587(11) 2.4594(12) 2.4597(12) 2.4651(15) 2.4652(16) 
Hg(2)-I(4) 2.7028(4) 2.6988(5) 2.6950(5) 2.6939(6) 2.6899(6) 
Hg(2)-I(3) 2.7397(4) 2.7368(5) 2.7318(6) 2.7325(5) 2.7305(6) 
Hg(2)-I(3)′ 3.3822(4) 3.4039(5) 3.4259(6) 3.4372(6) 3.4515(6) 
I(3)-Hg(2)-I(3)′ 91.01(1) 91.01(1) 91.07(1) 90.90(1) 90.87(1) 
Hg(2)-I(3)-Hg(2)′ 88.99(1) 88.99(1) 88.93(1) 89.10(1) 89.13(1) 
P(2)-Hg(2)-I(4) 127.13(3) 126.53(3) 125.94(3) 125.78(4) 125.41(4) 
P(2)-Hg(2)-I(3) 118.90(3) 119.34(3) 119.66(3) 119.81(4) 120.03(4) 
P(2)-Hg(2)-I(3)′ 86.48(3) 86.81(3) 87.17(3) 87.24(4) 87.29(4) 
N(2)-Hg(2)-I(3)′ 154.81(8) 155.10(9) 155.25(9) 155.20(11) 155.40(12) 
N(2)-Hg(2)-I(3) 103.38(8) 103.25(9) 103.30(9) 103.26(11) 103.25(11) 
N(2)-Hg(2)-I(4) 90.72(8) 90.76(9) 90.90(9) 91.08(11) 90.98(12) 
I(4)-Hg(2)-I(3) 112.93(1) 113.10(1) 113.36(2) 113.43 (2) 113.60(2) 
I(4)-Hg(2)-I(3)′ 102.73(1) 102.42(1) 101.89(1) 101.95(2) 101.82(2) 
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Single crystal X-ray diffraction analysis shows that the molecules of 3 are 
crystallized in space group Pī with two structurally different molecules 3A and 3B in 
each unit cell (Table C.4 and C.5). 
The molecules 3A and 3B are both found to be symmetric doubly iodido-bridged 
dimers, with the ligands attached trans to each other. Each molecule has a center of 
symmetry in the four-membered core [Hg2(μ-I)2] unit, formed by the two mercury ions 
and two bridging iodide ions.  
Both mercury(II) ions in the molecule 3A shows a distorted tetrahedral geometry. 
The bond distances Hg(1)-I(1) (2.7526(4) Å), Hg(1)-I(2) (2.7073(4) Å) are shorter than 
those of found in mononuclear complex of [Hg2(PPh3)2I2] (2.763(1) Å and 2.733(1) 
Å),3 indicating relatively strong Hg-I bonds in molecule 3A. Hg(1)-P(1) (2.4627(11) 
Å), Hg(1)-I(1)′ (3.1676(4) Å) are similar to those of found in the familiar structures.3, 4, 
5 The nitrogen atoms do not coordinate to the mercury(II) ions as the distance 
Hg(1)-N(1) is 3.2593(40) Å, is much longer than the sum of Van der Waals radii (3.1 
Å). 5, 6 The angles subtended by the ligands at the mercury(II) ions in 3A varying from 
92.932(10)º (I(1)-Hg(1)-I(1)′), 96.19(3)º (P(1)-Hg(1)-I(1)′), 100.30(1)º 
(I(2)-Hg(1)-I(1)′), 115.62(3)º (P(1)-Hg(1)-I(1)), 119.65(1)º (I(2)-Hg(1)-I(1)) to 
120.88(3)º (P(1)-Hg(1)-I(2)), similar to the angles of copper(I) halide complexes in 
Chapter 2 that are far from the predicted geometry (109.5º and 70.5º) for symmetric 
Y2MX2MY2 dimers, indicate the distorted tetrahedral environment.  
The two mercury(II) ions and two bridging iodide ions are perfectly coplanar. The 
two mercury(II) ions in 3A are separated by 4.0889(5) Å which is longer than the sum 
of Van der Waals radii (3.10 Å), indicating the absence of bonding or orbital 
interactions between the mercury(II) ions.    
On the other hand, the mercury(II) ions in 3B show a distorted trigonal bipyramid 
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geometry. The two mercury(II) ions and two bridging iodide ions are also perfectly 
coplanar. The Hg(II) ions of 3B are bonded by N and P atoms of ligands, one terminal 
iodide atom, and two iodide ions that also link two mercury(II) ions in μ2-bridge mode. 
The distance Hg(2)-Hg(2)′ (4.3150(5) Å) is longer than the distance Hg(1)-Hg(1)′ 
(4.0889(5) Å), is also longer than the sum of Van der Waals radii (3.10 Å), indicating 
the absence of bonding or orbital interactions between the mercury ions.    
The bond distances Hg(2)-P(2) (2.4587(11)Å), Hg(2)-I(3) (2.7397(4) Å) and 
Hg(2)-I(3)′ (3.3822(4)Å), and another Hg(2)-I(4) (2.7028(4) Å) are also in the range of 
reported data. The Hg(2)-N(2) (2.7827(36) Å) is shorter than the sum of Van der Waals 
radii of Hg and N (3.1 Å), but longer than the sum of the covalent radii (2.23 Å). There 
should be weak interactions between the lone-pair of the nitrogen atom and the Hg(II) 
ion. The angles subtended by the ligands at the mercury(II) ions in 3B varying from 
86.48(3)º (P(2)-Hg(2)-I(3)′), 90.72(8)º (N(2)-Hg(2)-I(4)), 91.01(1)º (I(3)-Hg(2)-I(3)′), 
102.73(1)º (I(4)-Hg(2)-I(3)′), 103.38(8)º (N(2)-Hg(2)-I(3)), 112.93(1)º 
(I(4)-Hg(2)-I(3)), 118.90(3)º (P(2)-Hg(2)-I(3)), 127.13(3)º (P(2)-Hg(2)-I(4)) to 
154.81(8)º (N(2)-Hg(2)-I(3)′) also verify a much distorted trigonal bipyramid (3B) 
environment.  
Compared to the corresponding distances of Hg(1)-P(1) (2.4627(11) Å), 
Hg(2)-P(2) (2.4587(11)Å); Hg(1)-I(1) (2.7526(4) Å), Hg(2)-I(3) (2.7397(4);  
Hg(1)-I(1)′(3.1676(4) Å), Hg(2)-I(3)′ (3.3822(4)Å); Hg(1)-I(2) (2.7073(4) Å), 
Hg(2)-I(4) (2.7028(4) Å) in 3A and 3B, the contrast is not remarkable. However, 
compared to the corresponding angles of P(1)-Hg(1)-I(1) (115.62(3)º), P(2)-Hg(2)-I(3) 
(118.90(3)º); P(1)-Hg(1)-I(2) (120.88(3)º), P(2)-Hg(2)-I(4) (127.13(3)º); 
Hg(1)-I(1)-Hg(1)′ (87.07(1) º), Hg(2)-I(3)-Hg(2)′ (88.99(1)º), the contrast is distinct. 
It may be due to the different coordination environment around the mercury(II) ions. 
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Temperature-dependence of structures of the complex in the crystal 3 was 
investigated. Table 3.1 and 3.2 show the selected bonds and lengths of crystal 3 at 
100 K to 373K. The change in reversible by measuring the structure at 100K to 373K 
and then determined the structure at 100K using the same crystal. Table 3.3 shows the 
selected bonds and angles of crystal 3 measured at 100K twice. The change is very 
small. It is assumed that the change is almost reversible.
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Table 3.3 Selected bonds and angles of 3 in reversible at 100K. 
3A 100K 100K 3B 100K 100K 
Hg(1)-Hg(1)′ 4.0889(5) 4.0814 (26) Hg(2)-Hg(2)′ 4.3150(5) 4.3109 (26) 
Hg(1)-N(1) 3.2593(40) 3.2679 (63) Hg(2)- N(2) 2.7827(36) 2.7852 (58) 
Hg(1)-P(1) 2.4627(11) 2.4656 (22) Hg(2)-P(2) 2.4587(11) 2.4572 (23) 
Hg(1)-I(2) 2.7073(4) 2.7034 (15) Hg(2)-I(4) 2.7028(4) 2.7032 (16) 
Hg(1)-I(1) 2.7526(4) 2.7525 (18) Hg(2)-I(3) 2.7397(4) 2.7446 (20) 
Hg(1)-I(1)′ 3.1676(4) 3.1703 (18) Hg(2)-I(3)′ 3.3822(4) 3.3820(19) 
P(1)-Hg(1)-I(2) 120.88(3) 120.91 (6) P(2)-Hg(2)-I(4) 127.13(3) 127.07(6) 
P(1)-Hg(1)-I(1) 115.62(3) 115.63 (5) P(2)-Hg(2)-I(3) 118.90(3) 118.97(5) 
P(1)-Hg(1)-I(1)′ 96.19(3) 96.14 (6) P(2)-Hg(2)-I(3)′ 86.48(3) 84.97 (6) 
I(2)-Hg(1)-I(1) 119.65(1) 119.62 (5) I(4)-Hg(2)-I(3) 112.93(1) 112.93(4) 
I(2)-Hg(1)-I(1)′ 100.30(1) 100.08 (5) I(4)-Hg(2)-I(3)′ 102.73(1) 102.84(6) 
I(1)-Hg(1)-I(1)′ 92.932(10) 93.18 (4) I(3)-Hg(2)-I(3)′ 91.01(1) 91.08 (3) 
N(1)-Hg(1)-I(1) 84.16(7) 83.96 (11) N(2)-Hg(2)-I(4) 90.72(8) 90.51 (12)  
N(1)-Hg(1)-I(1)′ 149.42(7) 149.61 (11) N(2)-Hg(2)-I(3)′ 154.81(8) 154.88(12) 




3.2.2.2 X-ray Crystal Structures of [Hg2(DPPQ)2(μ-I)2I2] (4) 
Hg2(DPPQ)2(μ-I)2I2 (4) was characterized by single crystal X-ray diffraction. The 
crystal data and structures refinement details are given in Appendix C (Tables C.1-C.6). 
Figure 3.3 shows the ORTEP plot of 4 determined at 100K. The selected bond lengths 
and angles at different temperatures are listed in Table 3.4. 
 
 
Figure 3.3 ORTEP plot of 4 (thermal ellipsoids drawn at 50% probability level). H 
atoms are not shown for clarity. Color Scheme: Hg (magenta), P (orange), N (blue), I 




Table 3.4 Selected bond lengths (Å) and angles (deg) of 4 and 3A at 100K, 295K and 373K.  
 4(100K) 3A (100K) 4 (295K) 3A (295K) 4 (373K) 3A (373K) 
Hg(1)-Hg(1)′ 3.9685(4) 4.0889(5) 4.0002(4) 4.1325(7) 4.0183(22) 4.1648(7) 
Hg(1)-N(1) 3.2700(31) 3.2593(40) 3.2541(34) 3.1788(47) 3.2569(53) 3.1470(65) 
Hg(1)-P(1) 2.4608(10) 2.4627(11) 2.4655(10) 2.4639(13) 2.471(2) 2.4714(17) 
Hg(1)-I(2) 2.6982(4) 2.7073(4) 2.6911(4) 2.7028(5) 2.6859(16) 2.6964(6) 
Hg(1)-I(1) 2.8982(4) 2.7526(4) 2.8761(3) 2.7399(6) 2.864(2) 2.7334(6) 
Hg(1)-I(1)′ 2.9789(5) 3.1676(4) 3.0276(3) 3.2332(6) 3.059(2) 3.2702(6) 
P(1)-Hg(1)-I(2) 133.45(2) 120.88(3) 131.83(3) 120.18(4) 131.08(5) 119.63(4) 
P(1)-Hg(1)-I(1) 107.27(2) 115.62(3) 108.47(3) 117.12(3) 109.19(6) 117.96(4) 
P(1)-Hg(1)-I(1)′ 105.97(5) 96.19(3) 105.11(3) 95.12(3) 104.61(5) 94.52(4) 
N(1)-Hg(1)-I(1) 72.82 (5) 84.16(7) 74.61 (6) 85.26(9) 75.72 (9) 86.20(13) 
N(1)-Hg(1)-I(1)′ 153.88 (6) 149.42(7) 154.58 (6) 149.75(1) 155.11 (9) 149.88(12) 
N(1)-Hg(1)-I(2) 104.25 (6) 107.59(7) 104.39 (6) 107.58(9) 104.12 (11) 107.32(12) 
I(2)-Hg(1)-I(1) 106.96(3) 119.65(1) 108.96(1) 119.57 (2) 109.65(3) 119.66(2) 
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I(2)-Hg(1)-I(1)′ 101.39(1) 100.30(1) 100.88(1) 99.60(2) 100.72(5) 99.38(2) 
I(1)-Hg(1)-I(1)′ 95.07(1) 92.93(1) 94.73(1) 92.81(1) 94.61(2) 92.63(2) 





Single crystal X-ray diffraction analysis of 4 shows that the molecule of the 
mercury(II) complex crystallized in space group Pī with one molecule in each unit cell 
(Table C.6). The crystals of complex 4 were obtained by slow diffusion of diethyl ether 
into CHCl3 solution of the complex. The crystals of 4 are different from crystals 3 since 
there is only one molecule in one unit cell. Analogous to the molecule of 3A, 
[Hg2(DPPQ)2(μ-I)2(I)2] (4) is found to be symmetric doubly iodido-bridged dimer, with 
the ligands attached trans to each other. The molecule has a center of symmetry at the 
four-membered ring, [Hg2(μ-I)2] unit, formed by the two mercury ions and two 
bridging iodide ions. 
Both mercury(II) ions in the molecule 4 show a distorted tetrahedral geometry. 
The bond distances Hg(1)-P(1) (2.4608(10) (Å)), Hg(1)-I(1) (2.8982(4) (Å)), 
Hg(1)-I(1)′(2.9789(5) (Å)), Hg(1)-I(2) (2.6982(4) (Å)) are also in the range of the 
reported bond distances. Analogous to the molecule 3A, the nitrogen atoms of molecule 
4 do not coordinate with the mercury(II) ions as the distance Hg(1)-N(1) (3.2700(31) Å) 
is also larger than the sum of Van der Waals radii (3.1 Å). The angles subtended by the 
ligands at the mercury(II) ions in 4 varying from 95.07(1)º (I(1)-Hg(1)-I(1)′), 
101.39(1)º (I(2)-Hg(1)-I(1)′), 105.97(5)º (P(1)-Hg(1)-I(1)′), 106.96(3)º 
(I(2)-Hg(1)-I(1)), 107.27(2)º (P(1)-Hg(1)-I(1)) to 133.45(2)º (P(1)-Hg(1)-I(2)) 
indicate the distorted tetrahedral environment.  
The two mercury(II) ions and two bridging iodide ions of 4 are also perfectly 
coplanar because the dihedral angles between the planes Hg(1)-I(1)-Hg(1)′ and 
Hg(1)-I(1)′-Hg(1)′ is 0º. The distance between two mercury(II) ions of the molecules in 
the crystals 4 (3.9685(4)Å) is also longer than the sum of Van der Waals radii (3.10 Å), 
indicating the absence of significant orbitals interactions between the mercury ions in 
the molecular structures.    
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Temperature-dependence of structures of the complex in the crystal 4 was also 
investigated. The change of the distances and angles are similar to the change of 
molecule 3A.  
3.2.3 Variable Temperature Structures of 3 and 4 
The temperature-dependence of structures of the complex in the crystal 3 and 4 
was investigated. The structures of molecules in the crystal forms 3 and 4 were 
determined by single crystal X-ray diffraction over 273 K. Totally five structures at 100 
K to 373K were determined. It is noted that both 3 and 4 remain crystalline at all 
temperatures. Figure 3.4 - 3.13 show the selected distances and angles of complexes 3 
(3A and 3B) and 4 with error bars at variable temperatures. 
















Figure 3.4 Red line: Hg(1)-Hg(1)′ of molecule 3A with error bars; blue line: 
Hg(2)-Hg(2)′ of molecule 3B with error bars. 
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Figure 3.5 Red line: Hg(1)-Hg(1)′ of molecule 3A with error bars; blue line: 
Hg(1)-Hg(1)′ of molecule 4 with error bars. 
Figure 3.4 and Figure 3.5 show the distances Hg-Hg of 3A, 3B and 4 with error 
bars at variable temperatures. The distances Hg-Hg increase by 1.86%, 1.24% and 
1.25% in 3A, 3B and 4 as the temperatures of the measurement are increased. The 
similar extent of changes of Hg-Hg distances in both 3A and 4 is measured. 

















Figure 3.6 Red line: Hg(1)-N(1) of molecule 3A with error bars; blue line: Hg(2)-N(2) 
of molecule 3B with error bars. 
















Figure 3.7 Red line: Hg(1)-N(1) of molecule 3A with error bars; blue line: Hg(1)-N(1) 
of molecule 4 with error bars. 
Figure 3.6, Figure 3.7 show the distances Hg-N of 3A, 3B and 4 with error bars at 
variable temperatures. The Hg(1)-N(1) of 3A and 4 decrease as the temperatures of the 
measurement are increased, while the Hg(2)-N(2) of 3B distances are both increased 
but change less significantly when the temperatures increase. 
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Figure 3.8 Red line: Hg(1)-I(1) of molecule 3A with error bars; blue line: Hg(2)-I(3) of 
molecule 3B with error bars. 



















Figure 3.9 Red line: Hg(1)-I(1) of molecule 3A with error bars; blue line: Hg(1)-I(1) of 
molecule 4 with error bars. 

















Figure 3.10 Red line: Hg(1)-I(2) of molecule 3A with error bars; blue line: Hg(2)-I(4) 
of molecule 3B with error bars. 
 




















Figure 3.11 Red line: Hg(1)-I(2) of molecule 3A with error bars; blue line: Hg(1)-I(2) 
of molecule 4 with error bars. 

















Figure 3.12 Red line: Hg(1)-I(1)′ of molecule 3A with error bars; blue line: Hg(2)-I(3)′ 
of molecule 3B with error bars. 



















Figure 3.13 Red line: Hg(1)-I(1)′ of molecule 3A with error bars; blue line: Hg(1)-I(1)′ 
of molecule 4 with error bars. 
Table 3.5 Hg-I, I-Hg-I, P-Hg-I changes in percentage in molecule 3A and 4 over 
273K.  
 3A 4 
Hg(1)-I(1)  0.70% 1.18% 
Hg(1)-I(2)  0.40% 0.46% 
Hg(1)-I(1)′ 3.24% 2.69% 
Hg(1)-P(1)  0.35% 0.41% 
I(1)-Hg(1)-I(1)′ 0.32% 0.48% 
I(2)-Hg(1)-I(1)  0.01% 2.51% 
I(2)-Hg(1)-I(1)′ 0.92% 0.66% 
P(1)-Hg(1)-I(1)  2.02% 1.79% 
P(1)-Hg(1)-I(1)′ 1.74% 1.28% 
P(1)-Hg(1)-I(2)  1.03% 1.78% 
 
Figure 3.8 - 3.13 show the distances Hg-I of 3A, 3B and 4 with error bars at 
variable temperatures. The graphs of I-Hg-I and P-Hg-I with error bars are given in 
Appendix D (Figure D.1 – D.11). Table 3.4 lists the percentage changes of Hg-P, Hg-I, 
I-Hg-I and P-Hg-I in molecule 3A and 4 over 273K. The distances Hg(I)-I(1) and 
Hg(1)-I(2) decrease in both 3A and 4 as the temperature increase, and decreases more 
significantly in 4. However, Hg(1)-I(1)′ increases, and increases more in 3A.  
In molecule 3A and 4, the distances Hg(1)-I(1) and Hg(1)-I(2) decrease, 
Hg(1)-I(1)′ and Hg(1)-Hg(1) increases, the interaction between Hg(1) and I(1), Hg(1) 
and P(1), and Hg(1) and I(2) increase, but the interaction between Hg(1) and I(1)′ 
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decrease. So the angles I(1)-Hg(1)-I(1)′, I(2)-Hg(1)-I(1)′, P(1)-Hg(1)-I(1)′, 
P(1)-Hg(1)-I(2) increase, but angles P(1)-Hg(1)-I(1) and I(2)-Hg(1)-I(1) increase.  
Although trends of the changes of distances and angles in the molecule 3A and 
the molecule of crystals 4 are similar when the temperatures of measurement change, 
but not absolutely the same, it may be influenced by weak interaction such as crystal 
packing in different crystals.  
Meanwhile, the corresponding temperature-dependence distances and angles of 
molecules 3B were also studied. The results also verify that bonding interaction 
between mercury ions and N atoms exists in the molecule 3B. 
3.2.4 Variable Temperature 31P {1H} NMR Spectra 
 




Figure 3.15 Variable temperature 31P {1H} NMR spectra (CD2Cl2) of 
Hg2(DPPQ)2(μ-I)2I2. 
Figure 3.14 shows the variable temperature 1H NMR spectra of 
Hg2(DPPQ)2(μ-I)2I2 in CD2Cl2. The protons of H2 and H7 upshield shift, H4 and H5 
downshield shift, but the shifts of H3 and H6 are not significant upon cooling from 
298K to 193K.  
As shown in Figure 3.15, the 31P {1H}NMR spectrum of Hg2(DPPQ)2(μ-I)2I2 in 
CD2Cl2 exhibits a sharp peak at δ = 2.46 ppm with a pair of very weak satellites from 
the Hg nucleus at a temperature of 298K, the sharp peak in the spectra of mercury 
complex upshield shifts by about 3.5 ppm upon cooling from 298K to 193K, indicating 
that only one phosphorus containing species is present in the solution at different 
temperature, and that the complex is stable in solution. Even if the complex undergoes 
dissociation in solution, the equilibrium constants would be too small for any species 
arising from the dissociation to be detected. The sharp peak shifts to higher field with a 
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pair of satellites due to 31P80Hg coupling constant (JP-Hg = 909 Hz) when the 
temperature decreases, which also agree with the nuclear atom spin number of Hg atom, 
I = 1/2.  
3.2.5 Electronic Absorption Spectroscopy 
Room temperature UV-vis absorption spectra of Hg2(DPPQ)2(μ-I)2I2 and DPPQ 
measured in degassed CH2Cl2 are shown in Figure 3.16.  























Figure 3.16 UV-vis absorption spectra of DPPQ and Hg2(DPPQ)2(μ-I)2I2 in degassed 
CH2Cl2 solution. Black line: DPPQ, 1.1099 * 10-4 mol·L-1; red line: 
Hg2(DPPQ)2(μ-I)2I2, 1.7592 * 10-5 mol·L-1. 
Figure 3.16 shows the room temperature UV-vis absorption spectra of DPPQ and 
Hg2(DPPQ)2(μ-I)2I2 in CH2Cl2. The absorption spectrum of DPPQ is dominated by a 
broad, intense absorption (λmax = 273 nm, εmax = 7.3 * 103 mol-1dm3cm-1). The spectrum 
of Hg2(DPPQ)2(μ-I)2I2 shows the intense ligand centered transitions at 260 nm (εmax = 
4.75 * 104 mol-1dm3cm-1) and 312 nm (εmax = 3.45 * 104 mol-1dm3cm-1), respectively. 
The free ligand has an intense absorption band ranging from 250 to 350 nm. The 
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apparent extinction coefficients of the absorptions are more than five times of that of 
DPPQ. The enhancement of the absorption intensity in the region for 
Hg2(DPPQ)2(μ-I)2I2 may stem from the coordination of the two DPPQ ligands in one 
complex molecule. The band is assigned to the quinoline-based intraligand π-π* 
transition, as reported data of the ruthenium(II) complexes containing DPPQ ligand. 7, 8 
The complex shows a moderate absorption band ranging from 350-400 nm, which 
is not observed for the corresponding free ligand. The 350-400 nm absorption of 
Hg2(DPPQ)2(μ-I)2I2 is tentatively assigned to MLCT transition in which the electron is 
excited from a d-orbitals of the bridging iodide ions that can mix with the p-orbitals of 
the mercury ions to a π*-orbital of the quinoline.  
3.2.6 Emission Spectroscopy 
The emission spectra of Hg2(DPPQ)2(μ-I)2I2 and the free ligand in solid state have 
been obtained and are shown in Figure 3.17. Hg2(DPPQ)2(μ-I)2I2 is not luminescent in 
solution at room temperature.  



















Figure 3.17 Emission spectrum of DPPQ and complexes Hg2(DPPQ)2(μ-I)2I2 in solid 
state at room temperature. Blue line: DPPQ, excited wavelength = 300 nm; black line: 3, 
excited wavelength = 330 nm; red line: 4 excited wavelength = 330 nm. 
Hg2(DPPQ)2(μ-I)2I2 is very weakly luminescent in solution. The free ligand shows 
room-temperature emission at 490 nm in solid state. Upon excitation at 330 nm, 
Hg2(DPPQ)2(μ-I)2I2 show emission maxima located at 478 nm and 505 nm and lower 
energy emission band at 690 nm, respectively (Figure 3.17). The emission lifetimes 
are estimated at 3.71 μs (478 nm), 3.40 μs (505 nm) and 3.93 μs (690 nm) from the 
emission decay curves well fitted with single exponential function (Figure E.3, E.4 
and E.5), indicating that the emission is also phosphorescence. Although the 
conformation and relative positions of the various groups and inter atomic distances are 
different in the crystals 3 and 4, the distinction of emission spectra is not very obvious. 
The higher energy of Hg2(DPPQ)2(μ-I)2I2 at 478 and 505 nm maybe assigned to a 
quinoline-based π-π* transition. Another possibility is a (n-π*)-like charge transfer 
from the Hg-P σ-bond orbital to the π* orbital on the ring of quinoline. Maybe due to 
the halogen-to-ligand charge transfer (XLCT), where the halogens are the terminal 
iodines, Hg2(DPPQ)2(μ-I)2I2 (3) and (4) are observed the lower energy emission band of 
at 690 nm with a small peak. Meanwhile, unlike the copper(I) complexes in Chapter 2, 
the longest wavelength band in the region at 750-850 nm are recognized maybe 
assigned to the metal-to-ligand-charge-transfer (MLCT), so the character of the excited 
states associated with the absorption tail of the 350-400 nm band.   
3.3 Conclusion 
This chapter demonstrated the 8-(diphenylphosphino)quinoline (DPPQ) with 
HgI2 can generate two geometrical isomers 3A and 3B in one unit cell. The different 
crystals (3 and 4) were obtained in different solutions that were used to grow crystal. 
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The conformation and relative positions of the various groups and inter atomic 
distances are different. Maybe the solvents are involved in the mechanism of 
crystallization. 
The study of variable temperature structures confirms the molecular kinetic 
theory. The temperature-dependence distances of Hg-Hg and Hg-N also accord with 
the structures of the different molecules of crystals. 
Contribution of the quinoline-based π-π* transition, metal-to-ligand-charge-trans- 
fer (MLCT) and halogen-to-ligand charge transfer (XLCT) in the emissive states from 
the spectroscopic study are described. 
3.4 Experimental Section 
General Methods 
All syntheses were carried out in a dry N2 atmosphere by using Schlenk techniques. 
All the solvents used for synthesis and spectroscopic measurements were purified 
according to the literature procedures. Dichloromethane was purified over CaH2 and 
diethyl ether (Et2O) was purified over a mixture of sodium and benzophenone just 
before use. All other solvents were of reagent grade and used without further 
purification. HgI2 was obtained from Merck and used without further purification. 
Hg2(DPPQ)2I4 was prepared in situ by reacting HgI2 with 1 mol equiv. of DPPQ in 
CH2Cl2 and MeOH mixture to afford translucent in pale yellow crystal in a 
near-quantitative yield based on modified literature methods. 
Physical Measurements 
Instrumental details for NMR experiments, elemental analyses, ESI-MS, UV-Vis 
absorption and emission spectroscopy are the same as stated in Chapter 2.  
Synthesis of Hg2(DPPQ)2(μ-I)2I2 
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To a stirred solution of HgI2 (94.50mg, 0.208mmol) in 10 mL of methanol, 
8-(diphenylphoshino)quinoline (65.0mg, 0.208mmol) in 10mL of CH2Cl2 was added 
dropwise under nitrogen. The reaction mixture was stirring at room temperature 
overnight. The resulting precipitate was filtered off, washed with some diethyl ether to 
form 103.4 mg (64.85% yield) white participate. Translucent in pale yellow crystal was 
obtained by diffusion of diethyl ether into the CH2Cl2 or CHCl3 solution. Anal. Calcd. 
for C42H32Hg2N2P2I4 (%): C, 32.83; H, 2.16; N, 1.82. Found(%):C, 32.99; H, 2.39; N, 
1.98. 1H NMR (500 MHz, CD2Cl2, δ/ppm) 9.04 (H2 qn, d, J = 3.42 Hz, 1H), 8.18 (H4 
qn, dd, J = 8.1 Hz, 1.8 Hz, 1H), 7.83 (H5 qn, d, J = 7.1 Hz, 1H) ), 7.66 ( H3, H6 qn H7 
and o-H Ph, m, 7H), 7.58 (m, p-H Ph, m-H Ph, 2H), 7.51 (m, m-H Ph, 4H). 31P {1H} 
NMR (202.5 MHz, CD2Cl2): 2.46 (s, 1P). ESI-MS (m/z) : 640 [MI2]2+. 
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Chapter 4 Conclusions 
In summary, the utilization of 8-(diphenylphosphino)quinoline, containing both 
imine and phosphine moieties, successfully produces new copper(I) complexes 1A, 1B, 
2 and mercury(II) complexes 3, 4, respectively.  
In chapter 2, the copper complexes have similar structures, formed by two 
8-(diphenylphosphino)quinoline ligands and two halide ions (I or Br). The internuclear 
distance Cu-Cu is tuned by the identity of the halide ligand, following paradoxically the 
trend Cu(μ-I)Cu < Cu(μ-Br)Cu. The shorter Cu-Cu was observed for the better electron 
donating and larger size of the bridging iodide ligand. The complexes show emission 
mainly assigned to π→π* transitions in solid state, while faint emission is observed in 
solution at room-temperature. 
Meanwhile, the mercury complexes coordinated by two 
8-(diphenylphosphino)quinoline ligands and four iodide ions were also prepared. The 
complexes are very stable in solid state and solution. Structural characterization shows 
the difference of the coordination environment around the 
8-(diphenylphosphino)quinoline ligands for the mercury ions. The mercury complexes 
also show different emission properties from the copper complexes. While the 
complexes can be highly emissive in solid state or in low-temperature solvent glasses, 
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Appendix A.   ESI-MS spectra  
Zhang Mei_120223143229 #21-46 RT: 0.39-0.86 AV: 26 NL: 4.61E8
T: + c ESI Full ms [200.00-1200.00]
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Figure A.1 ESI-MS spectrum of Cu2(DPPQ)2(μ-I)2 
Zhang Mei_120223144120 #6-25 RT: 0.10-0.41 AV: 18 NL: 5.75E8
T: + c ESI Full ms [200.00-1200.00]











































Figure A.2 ESI-MS spectrum of Cu2(DPPQ)2(μ-Br)2 
Zhang Mei_120227144113 #56 RT: 1.34 AV: 1 SB: 4 1.32-1.39 NL: 6.95E6
T: + c ESI Full ms [300.00-2000.00]




































































Appendix B    NMR spectra 
 





Figure B.2 31P {1H} NMR spectrum of DPPQ 
 
Figure B.3 H-NMR spectrum of Cu2(DPPQ)2(μ-I)2 
 





Figure B.5 H-NMR spectrum of Cu2(DPPQ)2(μ-Br)2 
 
 




Figure B.7 H-NMR spectrum of Hg2(DPPQ)2(μ-I)2I2 
 
 





The tables of crystal data and structures refinement details for the following compounds 
Chapter 2: 1A, 1B, 2, 3 and 4 
For all tables, 
wR2 = [ Σw(F02 – Fc2)2 / Σw(F02)2]1/2 
Goodness-of-fit (GOF) = [Σw(F02 – Fc2)2 / (n-p)]1/2, where n is the number of 
observations and p is the number of parameters. 
 
For all crystal determinations, scan type and wavelength of radiation used is ω and 
























Table C.1 Crystal data and structure refinement details for 1A 
Empirical formula  C42 H32 Cu2 I2 N2 P2 
Formula weight  1007.52 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 14.3978(17) Å α = 90°. 
 b = 17.980(2) Å β =107.947(2)°. 
 c = 15.0354(18) Å γ = 90°. 
Volume 3702.8(8) Å3 
Z 4 
Density (calculated) 1.807 Mg/m3 
Absorption coefficient 2.936 mm-1 
F(000) 1968 
Crystal size 0.22 x 0.18 x 0.08 mm3 
Theta range for data collection 1.71 to 27.50°. 
Index ranges -18<=h<=16, -22<=k<=23, -19<=l<=18 
Reflections collected 25312 
Independent reflections 8495 [R(int) = 0.0675] 
Completeness to theta = 27.50° 99.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7990 and 0.5643 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8495 / 0 / 451 
Goodness-of-fit on F2 1.001 
Final R indices [I>2sigma(I)] R1 = 0.0475, wR2 = 0.1029 
R indices (all data) R1 = 0.0685, wR2 = 0.1143 
Largest diff. peak and hole 1.836 and -0.831 e.Å-3 
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Table C.2 Crystal data and structure refinement details for 1B 
Empirical formula  C42.50 H33 Cl Cu2 I2 N2 P2 
Formula weight  1049.98 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 38.823(6) Å α = 90°. 
 b = 11.9588(17) Å β = 105.971(3)°. 
 c = 17.629(2) Å γ = 90°. 
Volume 7868.6(19) Å3 
Z 8 
Density (calculated) 1.773 Mg/m3 
Absorption coefficient 2.833 mm-1 
F(000) 4104 
Crystal size 0.42 x 0.30 x 0.28 mm3 
Theta range for data collection 2.07 to 27.49°. 
Index ranges -50<=h<=49, -13<=k<=15, -22<=l<=22 
Reflections collected 27196 
Independent reflections 8983 [R(int) = 0.0273] 
Completeness to theta = 27.49° 99.4 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.5043 and 0.3824 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8983 / 204 / 500 
Goodness-of-fit on F2 1.078 
Final R indices [I>2sigma(I)] R1 = 0.0350, wR2 = 0.0842 
R indices (all data) R1 = 0.0380, wR2 = 0.0862 








Table C.3 Crystal data and structure refinement details for 2 
Empirical formula  C42 H32 Br2 Cu2 N2 P2 
Formula weight  913.54 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 14.3410(16) Å α = 90°. 
 b = 17.7114(18) Å β = 108.416(3)°. 
 c = 14.9942(16) Å γ = 90°. 
Volume 3613.5(7) Å3 
Z 4 
Density (calculated) 1.679 Mg/m3 
Absorption coefficient 3.512 mm-1 
F(000) 1824 
Crystal size 0.56 x 0.26 x 0.20 mm3 
Theta range for data collection 1.71 to 27.50°. 
Index ranges -18<=h<=12, -23<=k<=21, -19<=l<=19 
Reflections collected 25419 
Independent reflections 8291 [R(int) = 0.0354] 
Completeness to theta = 27.50° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.5629 and 0.3843 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8291 / 0 / 451 
Goodness-of-fit on F2 1.025 
Final R indices [I>2sigma(I)] R1 = 0.0335, wR2 = 0.0829 
R indices (all data) R1 = 0.0418, wR2 = 0.0867 










Table C.4 Crystal data and structure refinement details for 3 
Empirical formula  C42 H32 Hg2 I4 N2 P2 
Formula weight  1535.42 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 10.1334(10) Å α = 83.612(2)°. 
 b = 11.6992(12) Å β = 75.578(2)°. 
 c = 19.356(2) Å γ = 80.562(2)°. 
Volume 2186.3(4) Å3 
Z 2 
Density (calculated) 2.332 Mg/m3 
Absorption coefficient 9.942 mm-1 
F(000) 1400 
Crystal size 0.42 x 0.26 x 0.18 mm3 
Theta range for data collection 1.77 to 27.50°. 
Index ranges -13<=h<=13, -15<=k<=15, -25<=l<=25 
Reflections collected 29134 
Independent reflections 10021 [R(int) = 0.0353] 
Completeness to theta = 27.50° 99.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.2677 and 0.1028 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10021 / 0 / 469 
Goodness-of-fit on F2 1.080 
Final R indices [I>2sigma(I)] R1 = 0.0278, wR2 = 0.0643 
R indices (all data) R1 = 0.0311, wR2 = 0.0655 




Table C.5 Crystal data and structure refinement details for 3 at 100K 
Empirical formula  C42 H32 Hg2 I4 N2 P2 
Formula weight  1535.42 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 10.154(7) Å α =83.427(17)°. 
 b = 11.675(9) Å β = 75.468(18)°. 
 c = 19.365(14) Å γ = 80.48(2)°. 
Volume 2185(3) Å3 
Z 2 
Density (calculated) 2.333 Mg/m3 
Absorption coefficient 9.947 mm-1 
F(000) 1400 
Crystal size 0.42 x 0.26 x 0.18 mm3 
Theta range for data collection 1.09 to 27.50°. 
Index ranges -13<=h<=13, -15<=k<=15, -25<=l<=25 
Reflections collected 29134 
Independent reflections 10021 [R(int) = 0.0353] 
Completeness to theta = 27.50° 99.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.2677 and 0.1028 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10021 / 0 / 469 
Goodness-of-fit on F2 1.080 
Final R indices [I>2sigma(I)] R1 = 0.0434, wR2 = 0.0844 
R indices (all data) R1 = 0.0511, wR2 = 0.0870 




 Table C.6 Crystal data and structure refinement details for 4 
Empirical formula  C42 H32 Hg2 I4 N2 P2 
Formula weight  1535.42 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 10.7140(13) Å α = 94.160(2)°. 
 b = 10.8679(13) Å β = 100.727(2)°. 
 c = 10.9745(13) Å γ = 119.446(2)°. 
Volume 1073.1(2) Å3 
Z 1 
Density (calculated) 2.376 Mg/m3 
Absorption coefficient 10.128 mm-1 
F(000) 700 
Crystal size 0.30 x 0.26 x 0.08 mm3 
Theta range for data collection 1.92 to 27.50°. 
Index ranges -13<=h<=13, -14<=k<=14, -14<=l<=14 
Reflections collected 14217 
Independent reflections 4917 [R(int) = 0.0307] 
Completeness to theta = 27.50° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.4979 and 0.1511 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4917 / 0 / 235 
Goodness-of-fit on F2 1.069 
Final R indices [I>2sigma(I)] R1 = 0.0235, wR2 = 0.0556 
R indices (all data) R1 = 0.0250, wR2 = 0.0562 









Appendix D The selected angles of Hg2(DPPQ)2(μ-I)2I2  
















Figure D.1 Red line: I(1)-Hg(1)-I(1)′ of molecule 3A with error bars; blue line: 
I(1)-Hg(1)-I(1)′ of molecule 4 with error bars. 









Figure D.2 Red line: I(2)-Hg(1)-I(1) of molecule 3A with error bars; blue line: 






















Figure D.3 Red line: I(2)-Hg(1)-I(1) of molecule 3A with error bars; blue line: 
I(2)-Hg(1)-I(1) of molecule 4 with error bars. 

















Figure D.4 Red line: I(2)-Hg(1)-I(1)′ of molecule 3A with error bars; blue line: 





















Figure D.5 Red line: I(2)-Hg(1)-I(1)′ of molecule 3A with error bars; blue line: 
I(2)-Hg(1)-I(1)’ of molecule 4 with error bars. 

















Figure D.6 Red line: P(1)-Hg(1)-I(1) of molecule 3A with error bars; blue line: 
P(2)-Hg(2)-I(3) of molecule 3B with error bars. 
94 
 

















Figure D.7 Red line: P(1)-Hg(1)-I(1)′ of molecule 3A with error bars; blue line: 
P(2)-Hg(2)-I(3)′ of molecule 3B with error bars. 


















Figure D.8 Red line: P(1)-Hg(1)-I(1) of molecule 3A with error bars; blue line: 
P(1)-Hg(1)-I(1) of molecule 4 with error bars. 
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Figure D.9 Red line: P(1)-Hg(1)-I(1)′ of molecule 3A with error bars; blue line: 
P(1)-Hg(1)-I(1)′ of molecule 4 with error bars. 
















Figure D.10 Red line: P(1)-Hg(1)-I(2) of molecule 3A with error bars; blue line: 























Figure D.11 Red line: P(1)-Hg(1)-I(2) of molecule 3A with error bars; blue line: 
































Equation y = A1*exp(-x/t1) + y0
Adj. R-Squa 0.96001
Value Standard Err
Decay12 y0 26.81482 3.41861
Decay12 A1 3.55878E 518608.223
Decay12 t1 2971.681 56.6052
 

















Equation y = A1*exp(-x/t1) + y0
Adj. R-Sq 0.95375
Value Standard E
Decay14 y0 27.9467 3.41658
Decay14 A1 1.74458 276280.75
Decay14 t1 3061.89 67.6098
 





















Decay11 y0 32.8555 4.17901
Decay11 A1 522034. 56619.68
Decay11 t1 3928.58 74.85567
 

















Equation y = A1*exp(-x/t1) + y0
Adj. R-Sq 0.959
Value Standard E
Decay10 y0 44.4635 5.20732
Decay10 A1 1.49337 193973.52
Decay10 t1 3398.42 67.81282
 























Decay9 y0 61.7798 6.60439
Decay9 A1 1.05204 122500.37
Decay9 t1 3706.97 71.96524
 
Figure E.5 Decay of Hg2(DPPQ)2I4 (emission wavelength = 478 nm) 
 
 
 
